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Assembly of Lab-aid 
Transparency Tray Cabi- 
nets, with the illuminator 
cabinet drawer pulled out. 
Use the table base, or 
stack them with your 
present Lab-aid Files. 


The disappearing shelf is con- 
venient as a temporary resting 
- A wd slides while working Inspect all your slides without re- 
wi 


Other units in the Lab-aid line f 


1” MICROSLIDE DRAWER FILES 
2” SLIDE OR TRANSPARENCY DRAWER FILE 

4” SLIDE OR INDEX DRAWER FILES \ 
MICROSLIDE FLAT-FILING TRAY CABINET 
PARAFFIN BLOCK FILE 


CA away to store and view 


color 
transparencies 


You know how efficiently Technicon Lab-aid 
cabinets bring order to the filing of microslides, 
paraffin blocks and associated materials in the 
pathologic laboratory. 

Now, in this new addition to the Lab-aid Filing 
System, you can enjoy the same benefits in the 
filing and viewing of color transparencies anu 
lantern slides. The new Lab-aid transparency fiie 
has 40 smooth-sliding flat trays, each holding 16 
standard 2” mounts, or 5 344” x 4%” lantern 
slides in full view. They're easy to insert... 
you just drop them flat in the grooved frames. 
Easy to remove, too, by popping them out from 
underneath. 

The special cabinet with its pull-out illuminator 
drawer lets you view a whole tray of transpar- 
encies at a glance, without removing any of them. 
Sitting or standing, you can inspect hundreds of 
slides under ideal viewirg conditions without stir- 
ring from your place. And the disappearing shelf 
is a mighty handy place to lay slides down tem- 
porarily while you're working with them. 

Both tray and illuminator cabinets are of the 
same dimeasions and finish as all the other units 
in the Technicon Laboratory Filing System, and 
can be stacked interchangeably with them. If you 
would like more information about these or other 
units of the system, we'll be glad to send details. 


moving any of them, or even stir- 
ring from your place. 


“technicon filing system 


215 East 149th St., New York 51, N. Y. 
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New!... Braun = 


Baeterial Genetics 


Here is a much-needed book which covers the progress made in a 
field of increasing importance—bacterial genetics. Its aim is to 
make principles and current findings in this area readily under- ~ 
standable to bacteriologists and to research workers and students 
in genetics. 

Beginning with a review of the principles of genetics (necessary for 
the understanding of bacterial genetics), the text goes on to pro- 
vide a basis for better evaluation of the relationship between bac- 
terial genetics and such diverse problems as pathogenesis, general 
laboratory techniques, bacterial physiology, epidemiology, therapy 
and taxonomy. 


Compact and simplified, this text is excellent for courses in Gen- 
etics of Bacteria. The chapters discuss: 

Evolution of Bacterial Genetics; Cytological Basis of Bacterial 
Genetics; Mutation; Mutagenic Agents and Mutagenesis; Rep- 
resentative Types of Mutants: (I) -Mutants Resistant to Inhibitory 
Agents, Biochemical Mutants, Fermentation Mutants, Pigmenta- 
tion Mutants. (II) -Mutations Affecting Colonial Morphology, Anti- 
genic Mutants; Mutants with Altered Cirulence. Some Genetic 
Problems Common to Colonial, Antigenic and Virulence Mutants; 
Population Changes Due to Mutation and Selection I; Popula- 
tion Changes Due to Mutation and Selection II; Population 
Changes that are Not Due to Mutation and Selection; Recombina- 
tion in Bacteria; Bacterial Transformation and Transduction; 
Bacterial Genetics in Relation to General Bacteriological Problems. 


By Werner Braun, Ph.D. About 244 pages, 6” x 9”, illustrated. 
New—Ready in August! 


B. SAUNDERS COMPANY 


West Washington Square Philadelphia 5 
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NOW 


YOU Can 
determine 
moisture 
content 


The Beckman Aquameter brings 
added speed and accuracy to 
routine moisture analyses of such 
products as pharmaceuticals, 
alcohols, ethers, solvents, antibiotics, 
food products and a host of other 
materials sold on a moisture-free 
basis. It is also extensively used 
in processing operations where 
moisture is a key indication. 

Other techniques now used for 
deterniining moisture (oven-drying, 
distillation, etc.) are tediously 
time-consuming and necessitate 
complex expensive equipment. 
Manual titrations require the skill 
of highly trained technicians 
experienced in interpreting and 
identifying gradual color variations. 
But the simple, fully automatic 
operation of the Beckman 
Aquameter reduces titration time 
to an average of only one or two 
minutes, and most titrations can be 
reproduced to within + 0.05 ml. 

Titrations performed on the 
Aquameter are reproducible to 0.05 
ml of KF Reagent, which corre- 
sponds to a few tenths milligram 
of H:O—a sensitivity unsurpassed 
by any other routine method. 


rapidly, 
accurately, 
of automatically! 


The Beckman Aquameter applies a new principle to the “dead stop” technique, recognized 
as the most sensitive of the instrumental methods for Karl Fischer titrations, and recommended 
by the U. S. Pharmacopoeia. Initial adjustment is simple and easily made, and any number of 
@ sequential titrations can be carried out with no further checking or setting, simply by adding the 
sample and pushing a button. The titration is completed automatically and without attention. 


For full details write for Data File g41-47 


BECKMAN INSTRUMENTS, INC. 


control modern industries SOUTH PASADENA, CALIFORNIA 
Factory Service Branches: New York —Chicago—Los Angeles 
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Twelfth Congress of the 
International Association 
of Limnologists 


HE Twelfth Congress of the International Asso- 

ciation of Limnology, of which Dr. Gunnar Alm 
of Sweden is president, will be held in Cambridge, 
England, at the Windermere Laboratory of the Fresh- 
water Biological Association. 

The Congress will open late in the afternoon of Au- 
gust 20 and continue through August 30. Prepara- 
tions have been in the hands of the Organising Com- 
mittee, with Professor F. E. Fritsch as Secretary. The 
scientific sessions, which will be held at Cambridge, 
are each divided into two or more groups, dealing re- 
spectively with the theoretical and applied sides of 
limnological science. To a considerable extent the 
papers to be read, of which approximately 100 have 
been offered, are grouped as symposia relating to 
such main topics as exchange and circulation in lakes, 
productivity in fresh waters, ecological and historical 
aspects of distribution, freshwater plankton problems, 
problems relating to freshwater algae, introduction of 
foreign species, pollution and its effects, especially in 
relation to fish, waterworks problems, and problems 
arising in connection with the treatment of sewage. 

There will be two evening discourses. On August 21, 
Professor d’Ancona (Padua) will deliver the first 
Edgardo Baldi Memorial Lecture on “The Stability 
of Lake Planktonic Communities,” and on August 25, 
Lt.-Col. Mackenzie, Director of Water Examinations, 
Metropolitan Water Board, London, will speak on 
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“The Reservoirs of the Metropolitan Water Board 
and Their . afluence upon the Character of the Stored 
Water.” On the evenings of August 22 and 24, there 
will be displays of relevant scientific films. On the 
first evening at Cambridge there will be a reception 
at Trinity College, and on the afternoon of August 
25, a garden party at Christ’s College. 

The journey from Cambridge to Windermere is to 
be made by coach and will occupy three days (August 
26-28). The theoretical and applied groups of mem- 
bers will follow different routes, and each will visit 
a number of institutions or localities of special in- 
terest on the way. At Windermere one day will be 
occupied by an inspection of the laboratory and a 
visit to the experimental hatchery and fish ponds of 
the Freshwater Biological Association, as well as by 
demonstrations of work on the lake itself, while the 
other will be devoted to one or another of a number 
of alternative tours of the Lake District. The final 
session of the Congress will take place on the evening 
of August 30. 

A considerable number of excursions have been ar- 
ranged. A small group of members will visit various 
localities of limnological interest in the south of Eng- 
land prior to the opening of the Congress. At Cam- 
bridge there will be excursions to Wicken Fen, the 
Norfolk Broads, and, for the applied section, visits 
to a sewage disposal works and the Water Pollution 
Research Laboratory. After the termination of the 
Congress, there will be a four-day excursion in Scot- 
land and, subsequent to that, a week’s tour in Ireland. 


F. E. Frrrscu 
Cambridge, England 
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AMINO ACIDS 


acetyl DL-tryptophane 
DL-alpha alanine 
beta alanine 
L-alanine 


DL alanyl-glycine 
DL-alpha-amino-n-butyric acid 
L-arginine Hydrochloride 
D-asparagine monohydrate 
DL-asparagine 
L-asparagine 
D-aspartic acid 
DL-aspartic acid 
L-aspartic acid 
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betaine Hydrochloride 
L-canavananine flavianate 99% pure 
L-carnosine 
DL-citrulline 
creatin (anhydrous) 
creatinine 


DL-. 
djenkolic acid 
DL-ethionine 


glycine (aminoacetic acid) 
glycine ethyl ester Hydrochloride 
giycylglycine 
glycyl-glycyl-glycine 
glycyl-pL-leucine 
glycyl-L-tryptophane 
glycyl-L-tyrosine 
D-histidine Hydrochloride 
DL-histidine Hydrochloride 
L-histidine Hydrochloride 
L-histidine (free base) 
DL-homocysteine (free base) 
DL-homocystine 
DL-homoserine 


See Science July 10 issue 
for additional listings 
A READY REFERENCE 
That will Save Time for You 


Use this catalog as a “one stop” source 
of Amino Acids, Vitamins, Carbohydrates, 
Adenylates, Nucleates, Purines, Pyrimi- 


dines, Tetrazolium Salts, Enzymes, Micro- 
biological and Bacteriological Mecia, 
Complete Animal Test Diets and 
Ingredients for investigational use. 


GENERAL BIOCHEMICALS, INC. 


60 LABORATORY PARK * CHAGRIN FALLS, OHIO 


AS ANALYSIS 


APPARATUS 


A modified Haldane gas analysis ap- 
paratus used to demonstrate the tech- 
nique of gas analysis in student teach- 
ing. 

While it is designed for student use, it 
is well adapted for clinical use where the 
CO, and O, in a respiratory air analy- 
sis are required. 

The apparatus consists of a burette and 
jacket, absorbing chamber for CO, and 
O, with short capillary tubes to facilitate 
absorption, cylindrical leveling bulb. 
Cat. No. 40-571 $67.50. 
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Cell Rack in Loading Position 
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DIFFUSION 


AS THE CULMINATION of a two-year development 
program, Specialized Instruments Corporation presents the 
new Spinco Model H Electrophoresis-Diffusion Instru- 
ment. The objective of its design has been to make avail- 
able for research laboratories a versatile apparatus of the 
utmost precision. The unit features a high work capacity 
with flexibility of observation and recording by five differ- 
ent optical techniques: 

1. Ordinary schlieren 
. Cylindrical-lens schlieren 
. Rayleigh interference fringes 
. Gouy fringes 

5. Mechanical scanning 
CONTAINING an optimum of automatic controls, the 


instrument also features individual calibrated and rigidly- 
regulated powe supplies. 


wn 


Descriptive literature is now available. 


SPECIALIZED INSTRUMENTS CORPORATION 


605 O'NEILL AVE. BELMONT, CALIFORNIA 
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HILGER POLARIMETERS 
Available in a rugged Standard 
Model for heavy industrial use and 
a Small Model for general laboratory 
or instructional use. Standard Model 
includes sugar scale so it may be 
readily used as an accurate sac- 
charimeter. Both instruments include 
simplified, fool-proof operating fea- 
tures and the precision for which 
Hilger is famous. Write for bulletins. 


research 
Precision Hilger 
Polarimeters and 


HILGER REFRACTOMETERS 
Three generc! types available: Abbe 
type for of ctive 


index and dispersion in liquids; 
‘ Chance type for measurement of 
both solids and liquids; and two 
types of Rayleigh Interference Re- 
fractometers for measurement of 
) liquids or gases. All instruments in- 
| clude important new improvements 
which simplify their use and assure 
more dependable results. Write for 
ively in U. S. A. 


JARRELL-ASH COMPANY 


26 Farwell Street, Newtonville, Mass. 
DETROIT EL CERRITO, CAL. CHATTANOOGA QUEENS VILL, N. Y. 


CHEMICALS 


@ Ketomalonic Acid @ Lipositol 
(Disodium Salt) @ Lithium Aluminum 
@ Khellin Hydride 
@ Lactase @ Lithium Boron Hydride 
Lactide Lithium Persulfate 
Lanthanum Chloride Lithium Salicylate 
@ Lanthanum Oxide 
@ Lauroylcholine Chloride 
Lead Arsenate age ide 
@ Lead Fluoride tte 
@ Lead Salicylate @ Luteolin 
Lead Tungstate Lycopene 
@ Lecithinase @ Lysergic Acid 
@ Leucinol, 1 (-) @ Maclurin 
@ Leucoriboflavine @ Magnesium Ethyl 
@ Leucylglycylglycyl Sulfate 
glycine @ Magnesium Gentisate 


@ Liver Esterase 


Ask for our new 
complete catalogue 


Grn. 


17 West 60th St. New York 23, N.Y. 
Plaza 7-817] 


ELECTRIC 


DESALTER 


For the removal of inorganic 
salts from organic and amino 
acid solutions to be chromat- 
ographed. 


The Reco 


CHROMATOCAB 


For two dimensional paper 
chromatography, using stand- 
ard filter paper sheets 1834 
by 22% in., or smaller. 


RACKS 


Stainless steel or glass for one 
fits dimensional chromatography. 


) INDICATOR SPRAYS 
j For application of indicators to 
\ chromatograms. 


if, 
CLIPS 


All stainless steel spring clips for Cl ¢ 
holding chromatograms to glass rods << 


) 
SOLVENT TROUGHS U 
So, For use in chromatocabs 
——~ or one-dimensional racks. 
ALSO AVAILABLE: AG I Catal mi 
Densitometers .. . 
for quantitative deter- of the RECO Line of 
minations on paper +e: 
Ultraviolet Lamps 
Pyrex Disc Chambers a 
Mi - Equipment Is 
— Pipets Available on Request. 
Drying Ovens 


DEPT. $ - 1135 THIRD STREET OAKLAND 20, CALIFORNIA . TWINOAKS 3.0556 
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Scintillation Counters 
- for EFFICIENT GAMMA COUNTING 


Because scintillation counters offer the most efficient means of 
gamma counting, Nuclear-Chicago has developed specialized units for 
specific gamma determination methods. Models are available for 
laboratory or clinical counting with high efficiency. 


1) Samples with activities of .0001 microcurie or greater. Choose Model 
DS-1 with Model 3036 for least cost and greatest versatility. 


a Samples with activities as low as .00001 microcurie. Choose Model 
DS-3, complete with well type scintillation crystal and shielding, for 
accurate measurement and maximum geometry. For sample volumes 
less than 2 m1, the instrument is insensitive to sample volume. 


3) Use fast (1.0 microsecond) Model 172 scaler for completely auto- 
matic counting. Includes built-in linear amplifier for proportional 
counting, plus preset count, preset time with built-in timer, and scale 
selection from 8 to 128. Permits geiger, scintillation or proportional 
counting with suitable detector. 


For clinical measurements 
Model DS-1 mounts on a 
flexible orm supplied as 


part of a complete count- Complete technical information on these and other models available on request. 
pa eee. Delivery on most models from stock. 


nuclear INSTRUMENT & CHEMICAL CORPORATION 
237 West Erie Street . Chicago 10, Illinois 
Also: New York, N. ¥.— Los Angeles, Calif.—Silver Spring, Md. 
Earl Lipscomb Associates, Dallas and Houston 
Export Department: 13 East 40th St., New York 16, New York 
Cable Address: Arlab, New York 


nuclear -chicago 
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ACTH * Growth * Gonadotropes 
Estrogens * Androgens 


Corticoids * Progesterone 
Others 


HYPOPHYSECTOMIZED 


TESTS 


Write for details 


ENDOCRINE, LABORATORIES 
MADISON, ING. 


5001 W. BELTLINE HIGHWAY ¢ MADISON, W SCONSIN 


for, phofomicrography 
th easy, 

economical | 

way, choose 

Visicam 

Readily attach- 

able to ar 

standard 

cr 

versatile Visi- 


cam provides 
inexpensi 


convenient “Single-Shot’’ camera 
For descriptive literature, beta direct to: 


854 .S. Figueroa St., Los Angeles 17, Calif. 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


179 EAST 87TH STREET 
NEW YORK, N. Y. 


KLETT MANUFACTURING CO. 


KLETT 
ELECTROPHORESIS 
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ANNOUNCING 


THE LOGIC OF 
MODERN SCIEINCE 


By J. R. Kantor 


In this work the foundations and systemic struc- Cs — 
tures of the sciences—physiochemical, biological, pey- : 
chological, anthropological—are analyzed and evalu- 
ated. The author departs radically from the tradi- 
tional procedure of imposing historical epistemologies 
and ontologies (realisms, positivisms) upon scientific 
investigation. 

Instead he traces the evolution of scientific logic 
from the work scientists actually do when they inter- 
behave with events and construct theories and laws 
from their findings. Logical investigation is thus 
held to be continuous with original research, since the 
events with which the logician interbehaves are the 
procedures and products of scientific enterprises. 

This naturalistic approach is in complete accord 
with current Interbehavioral Psychology. It promises 
to free the logic of science from the historical dualis- 
tic constructs reason, sensation and experience. 


9x6 About 360 pages $6.00 
1953 


The Principia Press, Inc. 


Bloomington, Indiana Evanston, Illinois THE GRAF-APSCO COMPANY 
5868 Broadway Chicago 40, Ill. 
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Some Symbols 
become Trade-Marks 
of Performance 


Some Trade-Marks 
WELCH 


\PUMP 
become Symbols of Performance 


WHEN in 1905 Albert Einstein announced the formula for the \ 
energy equivalent of mass, he was subjected to all types of 
ridicule and criticism. Today scientists throughout the world 
recognize the validity of his profound calculations and his 
formula E = mc’. 


In 1933 when Welch announced a vacuum pump, made on the 
new DUO-SEAL principle to produce continuously depend- 
able vacuums to .05 micron, the skeptics were innumerable. 
Today more than 80% of the world’s TV picture tubes are 
produced with Welch Duo-Seal Pumps. 


Write for your free copy of our pump booklet giving per- 
formance curves on all DUO-SEAL pumps including special 
vacuum techniques. 


10 Sctence, Vol. 117 


o 


4 
| E ol ne) c? 
E-Wcr 
r 
— SAS 
\ 
- 1515 SEDGWICK STREET, DEPT.E CHICAGO 10, ILLINOIS. U.S.A. 


Does the Greater Understanding of Man and 
Nature Increase the Scientist’s Social 
Responsibility ?' 


A. J. Carlson 
Department of Physiology, University of Chicago, Chicago, Illinois 


HE UNDERSTANDING OF MAN and of 
naiure achieved by science is very recent. 
During the hundreds of thousands of years 
of man’s past his social behavior was largely 
determined by direct experience, ignorance, and tra- 
ditions based partly on ignorance. We have now some 
indications that the voluntary behavior of all sane 
citizens can be directed toward the best interest of 
mankind through the understanding and acceptance 
of the nature of man and the universe, as revealed 
by modern science. The special social responsibility of 
scientists is to promote this understanding on the part 
of all people in all nations. We must promote: 
Education through understanding versus education 
by dictation.? We must have continuous adult educa- 
tion in al! lands. Factual, that is, scientific education 
on the nature of man seems necessary for the best fu- 
ture of man. Such education includes ‘the scientific evi- 
dence of the unity of the human race. Despite so- 
ealled racial differences in such minor details as skin 
color, language, and religions, science has proved that 
the people now living on our earth are one species. 
This fact, understood and accepted by all sane citi- 
zens, should gradually eliminate racial prejudice, fear 
and hate. It should promote cooperation in place of 
violence. Basic to the achievement of freedom from 
fear, want, and violence is the freedom to know.® 
If the goal of education today and tomorrow is the 
understanding of man and nature and action on the 
basis of such understanding, it is obvious at least to 
me that the traditional “3 R’s” and the “hundred great 
books” will not meet our educational needs, nor are 
these needs met adequately by science alone. But the 
understanding of man obviously involves man’s en- 
vironment and man’s past, that is, history, sociology, 
economics, politics, literature, and even religion. The 
2 Presented at the meeting of American Association for the 
Advancement of Science, Hotel Jefferson, St. Louis, Mo., De- 
cember 30, 1952, as part of a symposium arranged by the 
Society for Social Responsibility in Science. 
*Our British colleague A. V. Hill, said recently: “The 
popularizing of genuine science is an important public ser- 


vice ; we should all be ready to take our part in it according 
to our powers.” 

*“As things now stand (science teaching in high schools 
and colleges) the student-citizen has a good chance of learn- 
ing certain biological and physical ‘facts of life’ about the 
world in which he lives. But his chanceg of understanding 
the impact these sciences have on our society, and what he 
as an individual can do to control and/or modify the effects 
of that impact, are too often practically nil” (1). 
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“grass roots” as well as the “clouds” are parts of 
man’s environments, past and present. It also means 
that our education is not completed at the end of the 
sophomore year in college or ~ven at the end of the 
senior year. There must be continued adult education 
other than that provided by the modern soap operas, 
by propaganda, by amusement, and by artistic lying. 
As to so-called education or technical training, it is 
perfectly clear to me that we can learn by working 
with our hands just as well as we can by using our eyes 
and our ears, listening to lectures, and reading books. 

I have been an investigator and a teacher of science, 
that is, I have tried to teach for fifty years. I think 
that we teachers underestimate the mental capacity of 
our average youths and fellow citizens. They can 
learn, they can understand, they can even reason, if 
we the teachers can really teach by word, by demon- 
stratiou, by example. But we must rekindle the sup- 
pressed natural curiosity in our student, a curiosity 
largely supported by education through dictation, in 
the home, in the church, in the public schools, and 
sometimes even in our colleges and universities. Edu- 
cation by dictation depends on memory, faith, and 
tradition rather than on understanding of man and 
nature. The student, the teacher in every field of edu- 
cation should ask for the evidence, should examine the 
evidence. We cannot defeat ideas with guns or bombs 
or mere say so. Bad ideas can be defeated with better 
ideas based on better evidence. That is, we should 
apply the scientific method to our education at all 
levels; the scientific integrity, the scientific courage to 
face all the proven facts, but keep our mouths shut 
and our pens dry till we know the facts. 

One of the difficulties in our path toward our edu- 
cational goal of the understanding of man and nature 
and behavior based on that understanding, one of the 
obstacles, is the evident fact that the human forebrain, 
in which man surpasses all other species of animals, 
has not yet acquired complete control of the part of 
the brain which man has in common with the snake, 
the hyena, the tiger, and the goat. The second diffi- 
culty in our drive toward a better educational goal for 
all men in all lands is our reluctance to think and plan 
for the days to come as well as for today and tomor- 
row. I do not know how you stand on this issue, but 
to me it seems clear that we should think and act for 
days ahead as long as the days of our past, that is, 
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at least a million years. It 1» no credit to us, it is in 
fact a serious reflection both on our intelligence and 
our integrity, to render our soil, our other resources, 
our social and political environment less favorable to 
our descendants than as inherited by our generation. 
It seems evident to me that a democracy cannot sur- 
vive and flourish unless all citizens secure adequate 
understanding of man and nature through education, 
better factual education at all levels and throughout 
life; and even then we have yet to demonstrate that 
we are fit to survive. War in the future will come close 
to racial suicide. 

Cooperation versus violence and war.* Human his- 
tory, science, and reason appear to prove that it is 
injurious, and hence stupid, for the individual to rob, 
injure, or kill his fellow men. Does such behavior be- 
come beneficial to the individual and to the human 
race when carried out by a nation? The evidence to- 
day says no, for everybody appears to lose by violence 
and war. According to the German General Von Ben- 
hardi (Germany and the Next War, 1911) “War is 
a biological necessity. War is a Universal Law of Na- 
ture.” The British anthropologist, Sir Arthur Keith 
says (The Place of Prejudice in Modern Cwilization, 
1931) : “Race prejudice, I believe, works for the ulti- 
mate good of Mankind and must be given a recognized 
place in all our efforts to obtain natural justice for 
the world. Without competition Mankind can never 
progress; the price of progress is competition. Nay, 
race-prejudice and, what is the same thing, national 
antagonism, have to be purchased, not with gold, but 
with life. Nature throughout the past has demanded 
that a people who seeks independence as well as peace 
can obtain these privileges only in one way—by be- 
ing prepared to sacrifice their blood to secure them. 
Nature keeps her orchard healthy by pruning; war 
is her pruning-hook. We cannot dispense with her 
services.” But M. F. A. Montagu (The Nature of War 
and the Myth of Nature. Scientiric Montuiy, 1942, 
LIV, p. 342) speaks more wisely: “The tradition of 
thought which renders possible such glib talk of war 
and its supposed natural causes represents the bequest 
to us from the remote past of obsolete modes of 
thought which are conspicuous for their profound ir- 
rationality. So powerful is this traditional detritus 
that it has not failed to influence many of the most 
respected minds of our day, to the extent of making 
mathe-magicians of our mathematicians, casuists of 
our philosophers, and an apologist for war of the 
gentlest and among the wisest of our anthropologists. 
This tradition constitutes a Gordian knot that is so 
tied that to escape its bondage one must sever the knot 
completely—since it resists being untied. If man is to 
be saved from himself before it is too late this tyranny 
must be broken, and this can only be achieved by the 
unequivocal action that must follow upon the reasoned 
dissolution of such errors of belief and thought as 

4“We may be a fixed biological species unable to change 
our ways, but one of the achievements of our species is that 


we have learned to talk things over and exchange views with 
one another” (2). 
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form so great a part of our traditional social heritage 
today.” 

Conservation instead of waste of our natural re- 
sources. Our future depends on our food.’ Through 
better control of infectious diseases, more efficient 
repair of accidental injuries, and better knowledge of 
food requirements for health, modern medicine, where 
applied, has provided a longer and healthier life span 
for man. In fact, where modern preventive and cura- 
tive medicine is applied and adequate food is available 
the human life span has more than doubled in the last 
100 years. The marked decrease in infant mortality is 
a significant factor in the prolongation of our average 
life span. This influence of modern medicine can also 
render human life more difficult by increasing the 
world population beyond available food resources, 
thus contributing to starvation, misery, violence, and 
war, which are some of the consequences of starvation 
in all animal species. 

In all species of vertebrates in the pasi three main 
factors determined the population of a species: food 
supply, disease, violence, or war. These three factors 
controlled also the human population practically until 
yesterday. By effectively diminishing disease modern 
medicine has significantly added to human happiness. 
But modern medicine also contributes to this serious 
world problem: the increase of the population faster 
than the food production required for adequate nutri- 
tion. What is the answer to this serious situation? 
Shall it be less of modern biology and medicine? more 
starvation? more violence and war? or more intelli- 
gence? We can, no doubt, for a while at least, get a 
little more food from the soil and the sea. But there 
is fairly good evidence that we must practically dou- 
ble the present world food production even to feed 
adequately the present world population. So far as 
can be judged, this cannot be done. I think that we, 
in biology and medicine, must acquaint our fellow 
citizens with this serious world problem and aid them 
in working out a wise solution. 

The survival of the most fit in our age of science. 
Modern biology and medicine have not yet created 
sufficient factual understanding of the hereditary fac- 
tors of importance in human physical and mental im- 
pairment at every age, so that intelligence rather than 
violence and ignorance may be applied to decrease the 
population increase by the significantly less fit of our 
species. But we know enough of some of these factors 
to try to establish more humane behavior than that 
prevailing under the biologie ignorance of the past. 
Life is difficult enough for people with normal physi- 
cal and mental capacities. For people with less, life 
is largely a tragedy. And when these defects are 
hereditary the impaired individual is not responsible. 
Again we in biology and medicine must guide our fel- 
low citizens on this issue. 

5 “If they (representatives of religions) now claim that the 
facts and trends of overpopulation are not what we say, we 
can argue about that as a scientific question: but if they 


insist that its consequences should be left to God, they must 
allow us as citizens to take the opposite view” (3). 
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It seems obvious that as a citizen the scientist’s 
social responsibility is at least as great as his under- 
standing of man and nature. What he can contribute 
to a saner and happier life for man is not little, but 
unless we tackle this difficult task at once, it may be 
too late, considering current hysteria, artistic lying, 
fear, hate, and preparations for more destructive 
wars. Our age is not yet an age of science, even in 
our intellectually and scientifically most advanced na- 
tions. Largely through ignorance, and traditions based 
on ignorance as to the nature of man, we are still 
nourishing the malignant cancers of race prejudice, 
hate, fear and war. To do justice to our superior fore- 
brain we should go forward with our eyes open. We 
should replace violence with intelligence. That would 
mean a healthier, happier future for our race. We 
would then be a credit to our name: Homo Sapiens, 
“Wise Men.” So let us step down from our proverbial 
ivory tower and carry on! 

When the shadows beckon men of my years, we 
still have our children, we still have our dreams. I 
dream of a day when our leaders will actually put the 
principles of science and democracy to work in our 
land, in polities, in industry, in trade, in education; 
when understanding will more than hold its own 
against superstition, guile, and greed, when force and 
violence is replaced by conference, compromise, and 
approximate justice in all our domestic and foreign 


relations. When that day is at hand in our own land, 
our example will be a greater impetus to the path of 
peace and justice in other lands, than are our present 
speeches, and our lend and lease of the implements 
of war to all democracies, and would-be democracies 
of the world. It is a matter of forgetting the hypo- 
thetical universe erected out of ignorance and moti- 
vated by our undisciplined emotions, and a recondi- 
tioning to the actual universe as gradually understood 
through controlled experience and experiment. I think 
we can say, even in the face of current fears and 
pessimism, that during the ups and downs of the past 
million years man has gradually aequired more under- 
standing, more freedom from fear, more dignity, 
greater kindness, and a clearer conception of justice. 
Even though for the moment “the bird of sorrow” is 
not only flying over our heads, but is actually nesting 
in our hair—to borrow a Chinese proverb—that bird 
will not nest in our hair forever, unless a blackout on 
science be decreed in every land. For, slowly but 
surely, the understanding of man provided by science 
will help to make our life more intelligent, toil more 
cheerfu’, fear and hatred, pain and tears less preva- 
lent in our life. 
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Edwin Grant Conklin: 1863 —1952 


E. Newton Harvey 
Department of Biology, Princeton University, Princeton, New Jersey 


ITH THE DEATH of Edwin Grant 

Conklin just before his eighty-ninth 

birthday, on November 21, 1952, there 

passed away one of the great interpreters 
of biology in the United States. Professor Conklin was 
born on November 24, 1863. He was a great admirer 
of Lincoln and proud of the fact that the year of his 
birth was the year the- Emancipation Proclamation 
became effective, and proud that he had traveled in a 
covered wagon from one part of Ohio to another, at- 
tended a country school of one room and one teacher, 
and worked on a farm. Later he became the teacher in 
a similar country school, where he was janitor and 
disciplinarian as well as instructor, at a salary of $35 
a month. 

One of Professor Conklin’s most valuable attributes 
was a prodigious memory of detail, perhaps fostered 
by his thesis study of cell lineage. Even during the 
later years of his life, the date of almost any event 
was recalled with precision, and those of us who knew 
him well were entertained by many an amusing anec- 
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dote of early life in the Middle West and of his later 
educational period. 

After graduating from high school at Delaware, 
Ohio, he attended Ohio Wesleyan, obtaining a B.S. 
degree in 1885 and a B.A. in 1886. There he first be- 
came interested in science. This interest was fostered 
by trips for collecting shells and fossils under the 
guidance of his professor of biology and geology, Ed- 
ward T. Nelson. Professor Nelson turned him toward 
biology, and the experience of the next three years as 
a teacher of Latin, Greek, and science at Rust Univer- 
sity, a missionary college in Mississippi, matured the 
decision to make biology his lifework. 

He entered the Johns Hopkins University Graduate 
School in 1888 and started work with Professor Wil- 
liam K. Brooks. His first problem was the identifica- 
tion and morphology of a siphonophore collected by 
Alexander Agassiz in the Pacific. For continuation of 
these studies, he was sent to the U. 8. Fish Commis- 
sion Laboratory at Woods Hole, Mass. Perhaps it is 
fortunate that no siphonophores were obtainable there. 
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Turning to the varied fauna of that region, he was 
attracted by the abundant embryological material; 
and thus began the extended studies on cell lineage, 
first of Crepidula, on which he was to write his thesis, 
and ‘then a similar investigation of Ascidian eggs 
and, later, of Amphioxus. In connection with the de- 
velopmental history of the regions of the egg, or of 
the blastomeres, he studied the details of cell struc- 
ture and cell division, and later performed many ex- 
periments to discover what influence environmental 
changes might have on the cytological picture. Em- 
bryology and cytology were his chosen fields for in- 
vestigation. 

Space does not permit a detailed account of the 
early influences in Edwin Grant Conklin’s life, so 
important in molding his personality. Suffice it to 
say that the religious influence was strong in his 
home and in Ohio Wesleyan. Before he was seventeen, 
he had read the complete King James version of the 
Bible and committed long passages to memory. At 
one time he considered becoming a preacher but gave 
up the idea and was never ordained, although he did 
pass a perfunctory examination on the Bible and 
received what was known as a “local Preacher’s 
license.” 

The ability to quote scripture served him well in 
later years as a popular iecturer. The controversy 
over evolution was at its height in the 1880’s and Pro- 
fessor Conklin studied the subject carefully, buying 
personal copies of Darwin’s books so that he could 
mark important passages for future use. The evidence 
convinced him completely; and the whole subject of 
evolution, with all its ramifications, became his life- 
long interest. He always spoke of evolution as “the 
central theme of biology, the connecting strand on 
which all details of the science could be strung.” Later, 
when he accepted a teaching position at Ohio Wes- 
leyan it was with the stipulation that he must be free 
to present his own beliefs regarding evolution, with- 
out censure or dictation from the university. 

Evolution led naturally to a study of development. 
One of his favorite dicta, “Ontogeny recapitulates 
phylogeny,” expresses this relationship well. Besides, 
what is more fascinating than to watch the successive 
divisions of the egg? I have always felt that his spe- 
cial interest in cell lineage was an outgrowth of the 
preformation-epigenesis controversy. The arguments 
might delight a theologian. How exciting it must have 
been to learn that certain cells, indeed certain regions 
of the egg cell itself, were always destined to become 
a particular part of the future organism. 

Although Professor Conklin’s special field of in- 
vestigation was the cell, his interest in biology in- 
cluded the whole organism, particularly man himself. 
The ascidian egg and especially the embryology of 
Amphioxus may have interested him because of their 
status as Protochordates, ancestors of the vertebrates 
and thus of man. 

Man’s place in nature and the broader implications 
of biology occupied his thoughts more and more as 
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his career progressed. After receiving the Ph.D. de- 
gree at Johns Hopkins in 1891, he became successively 
professor of biology at Ohio Wesleyan (1891-1894), 
professor of zoology at Northwestern (1894-1896) and 
at the University of Pennsylvania (1896-1908), and 
finally departmental chairman and professor of biol- 
ogy at Princeton University (1908-1933). His retire- 
ment from Princeton in 1933 involved little change 
in activity. He took a continued interest in depart- 
mental affairs, giving seminars for graduate students 
in addition to writing ninety-three articles for jour- 
nals, magazines, and publications of learned societies. 

A broad interest in science resulted in his early 
election to the American Philosophical Society (1897), 
the National Academy of Sciences (1908), and the 
American Academy of Arts and Sciences (1914). 
The Philosophical Society “held at Philadelphia for 
promoting useful knowledge” particularly appealed 
to him because of the wide range of subjects discussed. 
He rarely missed a meeting, and he took a most active 
part in its affairs, serving on many of its committees 
for long periods of time, presiding at various sym- 
posia, and acting as councilor, executive officer, and 
vice president. He was elected president for two terms, 
1942-1945 and 1948-1952. 

Apart from a great loyalty to Princeton University, 
dating from his first years as Chairman of the De- 
partment of Biology and his association with Wood- 
row Wilson, then President of the University, Pro- 
fessor Conklin had three great outside interests to 
which he devoted a great deal of thought and to which 
his service may be said to have been really dedicated. 
First and foremost was the American Philosophical 
Society just mentioned. Another was the Marine Bio- 
logical Laboratory at Woods Hole, with which he had 
been connected almost since its beginnings in 1888. He 
started teaching there in 1891 and was elected a trus- 
tee in 1897. At Woods Hole the atmosphere was and 
still is conducive to scientific freedom in its broadest 
sense: no direction of what the investigator should 
study, no pressure to produce premature results, only 
the attempt to supply the living material and the best 
conditions for research. 

The third was the Bermuda Biological Station for 
Research, in which Professor Conklin had as personal 
an interest as its founder, Professor E. T. Mark, who 
was for many years its director. On reorganization of 
the Bermuda laboratory in 1926 Professor Conklin 
was made a trustee and he acted as president of the 
Corporation from 1926 to 1936. He was also much 
interested in the Academy of Natural Sciences of 
Philadelphia, which he served as vice president from 
1901 to 1950, and in the Wistar Institute, where he 
had been a member of the Advisory Board since 1905 
and of the Board of Managers since 1945. 

Professor Conklin received many honorary degrees, 
was elected to membership in many foreign societies 
and to the editorial boards of a number of journals. 
At the same time his own contributions to scientific 
literature were voluminous. His most important book, 
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“a best seller,” was Heredity and Environment, which 
appeared first in 1914. It passed through six editions 
and was translated into Japanese and Russian. Other 
volumes are: Direction of Human Evolution (1920, 
1922), Mechanism of Evolution (1920), General Mor- 
phology of Animals (1927), Problems of Deveiopment 
(1929), Freedom and Responsibility (1935), Science 
and Ethics (1937), Biology and Democracy (1938), 
What Is Man? (1941), and Man: Real and Ideal 
(1943). 

Throughout his life, the human interest led to ac- 
ceptance of executive duties, to willingness to serve 
on many committees, to support various causes, all of 
which took time from scientific research but became 
the background for a far wider viewpoint than spe- 
cifie research could have given. He was especially in- 
terested in education and in the philosophy of religion. 
Commencement addresses and published pamphlets 
present an original viewpoint in this field. Always 
a liberal in outlook, he was a great believer in free- 
dom and, like most scientists, was vehemently op- 
posed to any sort of regulation and regimentation. 

As committeeman he was a persuasive speaker, and 
as lecturer an eloquent one. At Ohio Wesleyan much 


attention was paid to elocution and public speaking. 
Professor Conklin had joined a literary society, wrote 
poetry and essays, and took part in oratorical con- 
tests. This training and his human interest made the 
general biology lectures at Princeton University a 
popular course for many years, and he was in great 
demand for talks in which science is interpreted for 
the layman. His long association with Science Service 
(president, 1937-1945) and the American Associa- 
TION FOR THE ADVANCEMENT OF SCIENCE (president, 
1936), again reflect his broad interest in science and 
in man. 

Professor Conklin liked nothing better than to 
gather around him, in the laboratory or at his home, 
a group of students for discussion of various subjects. 
These were times for reminiscence during which his 
listeners could learn about the history of American 
biology in the early part. of the century from tales 
related with a keen sense of humor. His love of social 
contacts was ably supported by his wife, the former 
Belle Adkinson, who was always interested in his 
many friends and was a delightful hostess. His stu- 
dents and all who knew him intimately will mourn the 
loss of this truly great biologist and leader in science. 


News and Notes 


Federation of American Societies 
for Experimental Biology 


HE Federation of American Societies for Experi- 

mental Biology (American Physiological Society, 
American Society of Biological Chemists, American 
Society for Pharmacology and Experimental Thera- 
peutics, American Society for Experimental Pathol- 
ogy, American Institute of Nutrition, American Asso- 
ciation of Immunology) held its thirty-seventh annual 
meeting in Chicago, April 6-10. The meeting was 
well attended, with a total registration of 6078, com- 
posed of members of the constituent Societies, visit- 
ing scientists, representatives of industries in the 
fields of the Federation, and guests of members. The 
six Societies scheduled 1389 papers at 140 scientific 
sessions, with an additional 153 papers read by title. 
Of this total, 522 were in Physiology, 454 in Bio- 
chemistry, 281 in Pharmacology, 84 in Pathology, 99 
in Nutrition, and 102 in Immunology. In addition, 
eight symposia and panel discussion sessions were 
held by the Societies, and a special session presented 
nine motion pictures. 

The Joint Session of the Federation was held on 
Tuesday evening, April 7, with Vincent du Vigneaud, 
Past President of the American Society of Biological 
Chemists and Chairman of the Federation Board, 
presiding. Three papers were presented on the gen- 
eral topic, “Some Aspects of Light and Biology.” 
E. Newton Harvey of Princeton University spoke on 
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bioluminescence as observed in various evolutionary 
forms. George Wald of the Harvard Biological Lab- 
oratories discussed the mechanisms of vision. The 
third paper, on photosynthesis, was presented by 
Dean Burk of the National Cancer Institute. 

Another special Federation session took place on 
Thursday evening, April 9, to present a report on the 
Survey of Physiological Science which is currently 
being made by the American Physiological Society, 
with support frem the National Science Foundation. 
R. W. Gerard of the University of Illinois Psy- 
chiatrie Institute, Chairman of the session, gave a 
short introductory address by way of orientation. 
This was followed by a progress report presented by 
L. M. N. Bach, Director of the Survey. Physiology in 
education was discussed by Orr E. Reynolds for the 
undergraduate and graduate schools and by J. H. 
Comroe for the professional schools. An evaluation 
of the personality patterns of experimental biologists 
was presented by Anne Roe, research psyclologist, of 
New York City. 

The Federation Board and the Councils of the 
constituent Societies met throughout the week, and 
Society meetings were held for the election of officers 
and members and the transaction of business. Dinners 
were scheduled for the Pharmacology, Pathology, 
and Nutrition Societies, and a joint smoker by the 
Biochemistry and Nutrition Societies was held on 
Wednesday evening, April 8. In addition, various 
other groups scheduled special meetings and dingers. 
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The Federation Placement Service scheduled in- 
terviews between employers and applicants and regis- 
tered applicants for future openings. About 350 ap- 
plicants were registered and 590 interviews scheduled 
by the Service at Chicago. 

Exhibits by industrial firms, Society members, and 
institutions and laboratories were displayed in the 
Exhibit Hall at the Conrad Hilton Hotel, and proved 
to be of uniformly high quality and a most interesting 
feature of the convention. The fields represented in- 
cluded books, pharmaceuticals, apparatus and equip- 
ment, and technical demonstrations. 

For the year beginning July 1, 1953, the American 
Society for Pharmacology and Experimental Thera- 
peutics will be head Society of the Federation and 
its immediate Past President, K. K. Chen of the 
Lilly Research Laboratories, will be Chairman of the 
Federation Board; other Board members for the 
coming year will be: H. B. Haag and C. C. Pfeiffer, 
Pharmacology; C. C. Erickson and S. C. Madden, 
Pathology; C. A. Elvehjem, J. O. Orten, and P. L. 
Day, Nutrition; T. P. Magill, J. L. Sugg, and J. F. 
Enders, Immunology; E. F. Adolph, H. E. Essex, and 
E. M. Landis, Physiology; D. W. Wilson and Philip 
Handler, Biochemistry. M. 0. Lee was reappointed 
Federation Secretary. 

The next annual meeting of the Federation will 
be held in Atlantic City, New Jersey, April 10-16, 
1954, 

M. O. Leg 
Federation Secretary 


Scientists in the News 


Fritz G. Arndt of the University of Istanbul, Turkey, 
will be Visiting Professor of Chemistry at Indiana 


University during the first semester of the 1953-54 
academic year. 


George W. Beadle, Professor of Biology and Chair- 
man of the Division of Biology at the California In- 
stitute of Technology, has been awarded the Gold 
Medal of the Emil Christian Hansen Foundation, 
Copenhagen, Denmark. The medal, which is accom- 
panied by a prize of 5000 Danish crowns, has been 
awarded only 11 times since its inception in 1914. 
Recipients have been European and American scien- 
tists who have made significant contributions to 
microbiology. Professor Beadle received the award 
for his research in biochemical genetics using the red 
bread mold Neurospora. 


Raimon L. Beard of the Connecticut Agricultural 
Experiment Station, formerly Executive Secretary 
of the Insect Control Committee of the U. 8. Na- 
tional Research Council, has arrived in Australia to 
carry out research on insect diseases at the Common- 
wealth Scientific and Industrial Research Organiza- 
tion, Division of Entomology, Canberra. Under a 
Fulbright Fellowship, Dr. Beard will study the larvae 
of the cockchafer beetle, and search for bacterial dis- 
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eases which attack the larvae, examining the possibil- 
ity of using diseases as a means of controlling these 
pests. 


M. S. Briscoe, Assistant Professor, School of Medi- 
cine, Howard University, will collaborate this sum- 
mer with the U.S. Naval Medical Research Unit No. 3 
in Egypt on parasitological and entomological 
problems. 


Carl Djerassi, Associate Professor of Chemistry at 
Wayne University, has been awarded an Honorary 
Doetor of Science degree by the University of Mexico. 
Until 1952, Dr. Djerassi was Associate Director of 
organic research at the Syntex Laboratories in Mexico 
City. He was one of the group of scientists who dis- 
covered the reactions making possible the first total 
synthesis of cortisone. The group also was able to 
convert materials found in the giant Mexican yam to 
cortisone. Dr. Djerassi has received a $10,000 grant 
from the Rockefeller Foundation for research on 
natural plant life. 


David R. Goddard, Professor of Botany at the Uni- 
versity of Pennsylvania, has been elected Editor-in- 
Chief of Piant Physiology, the journal of the Amer- 
ican Society of Plant Physiologists. 


At McGill University, Alton Goldbloom has been 
named Professor Emeritus of Pediatrics and Alan 
Ross has been made Professor of Pediatrics. Both 
have received appointments at the Children’s Me- 
morial Hospital, Montreal—the first as Consulting 
Physician, and the second as Physician-in-Chief. 


Howard B. Hutchinson, meteorologist and recently 
retired Captain of the U. S. Navy, has joined the 
Stanford Research Institute as a staff physicist. Mr. 
Hutchinson served from 1948 to 1952 as scientific and 
technical advisor to the Navy Deputy Chief of the 
Armed Forces Special Weapons Project of the De- 
partment of Defense, and supervised 14 field parties 
at the Eniwetok proving grounds. 


Charles L. Leedham, Colonel, U.S. Army Medical 
Corps, has been appointed Chief of the Education 
and Training Division, Office of the Army Surgeon 
General, Washington, D. C. During his 24 years of 
military service, Colonel Leedham has held posts both 
in the United States and abroad, and for the past 2 
years he has served as Medical Consultant for the 
Far East Command. 


Margaret Mead, Associate Curator of Ethnology 
at the American Museum of Natural History, has 
left for the Admiralty Islands, where she will make 
a study of the cultural changes that have taken place 
during the last twenty-five years. In 1928 Dr. Mead 
made an intensive study of a group of children in the 
Admiralties; now she is returning to observe these 
children as adults. The first anthropologist to under- 
take detailed research on the children of a particular 
society, Dr. Mead will use new sound recording and 
photographic equipment in this study. The expedi- 
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tion is being conducted under the auspices of the 
American Museum with a grant from the Rockefeller 
Foundation. 


Emil Ott, Director of Research for Hereules Pow- 
der Company, is in Europe as a delegate from various 
U.S. scientific organizations at a series of interna- 
tional science meetings. He is serving as an official 
representative at the 26th International Congress of 
the Société de Chimie Industrielle in Paris, the 72nd 
annual general meeting of the Society of Chemical 
Industries, and the International Congress of Pure 
and Applied Chemistry. He will also uttend a special 
meeting of the UN Food and Agricultural Organ- 
ization. 


Gilbert F. Otto has resigned as Associate Professor 
of Parasitology at Johns Hopkins University School 
of Hygiene and Public Health to become head of a 
new Department of Parasitology in the Research 
Division of Abbott Laboratories at North Chicago, 
Ill. Dr. Otto’s general field of research for the past 
26 years has been worm diseases in animals and 
people. He has been a member of the Johns Hopkins 
faculty since 1927 and Director of the Parasitology 
Laboratory and Parasitologist to the Medical Clinics 
at Johns Hopkins Hospital since 1946. 


Lloyd E. Swearingen, Director of Basic Sciences 
Research, and Scientific Assistant Deputy, Assistant 
Chief of Staff, G4, for Research and Development, 
Department of the Army, has been named Vice 
President in charge of Research and Development, 
University of Oklahoma. 


Education 


A series of 10 short postgraduate courses will be 
conducted by the Army Medical Service during the 
fiseal year 1953-54. An important feature of inservice 
training for Medical Corps officers, these courses are 
also open to a certain number of civilian physicians 
and surgeons. Information may be obtained from the 
Office of the Surgeon General, Department of the 
Army, Personnel Division, Washington 25, D. C. 
Officers are requested to apply through channels. 


In an unprecedented coordination of several sci- 
ences, Columbia University has combined the resources 
of three of its Faculties (Pure Science, Political Sci- 
ence, and Medicine) in an Institute of Human Varia- 
tion, to attack some basic problems of evolution— 
what biological factors are responsible for vari. ‘ion 
in human beings and what are the processes by wuich 
changes occur in populations, human and otherwise. 
Genetics, zoology, anthropology, pediatrics, psy- 
thology, serology, and statistics contribute to the 
study of these problems and to the training of re- 
search experts to advance the work in this field. The 
three main areas of present work are the factors eon- 
cerned in variations in physique, the serological and 
physical variations within and between groups, and 
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the physiological and chemical variations among 
human beings. A. E. Mourant of the Lister Institute, 
London, is serving the Institute as Visiting Professor 
of Serology. Philip Levine, Director of Ortho Re- 
search Foundation, is a staff member and research 
associate. The Director of the Institute is L. C. Dunn, 
Professor of Zoology. 


Twenty undergraduate scholarships will be offered 
annually by the Institute of Gas Technology, an af- 
filiate of Illinois Institute of Technology, to help train 
engineers for careers in the utility gas industry. 
They are available to students who have completed 
their sophomore year and who desire to take the gas 
technology option in either chemical or mechanical 
engineering at I.J.T. The scholarships will pay one- 
half of the tuition during the junior and senior years, 
plus $300 for the required 12-weeks’ summer term be- 
tween the two years. Applications are now being ac- 
cepted for the @rst 20 scholarships which begin in 
September 1953. 


Faculty promotions at Lehigh University include: 
Arthur F. Gould, from Associate Professor to Pro- 
fessor of Industrial Engineering; Douglas E. Mode, 
from Associate Professor to Professor of Electrical 
Engineering; Lynn 8. Beedle, from Assistant Pro- 
fessor to Associate Professor of Civil Engineering 
and Mechanics; and Thomas 8. Eichelberger, from 
Instructor to Assistant Professor of Mechanical En- 
gineering. 


Approximately 120 teachers and educational ad- 
ministrators are registered with the New York Uni- 
versity School of Education for their three overseas 
workshops in July and August. The seminar in Eng- 
land, France, and Germany will be concerned with 
the political and socioeconomic problems of Western 
Europe and the role education is playing in equip- 
ping citizens to help solve them. The second course 
ineludes a tour of Israel, designed to give a knowl- 
edge of its geography, industry, agriculture, settle- 
ments, social life, and archeological excavations. The 
third workshop, in Puerto Rico, will study the life and 
customs of the island and the problems of adaptation 
and adjustment of its children who come to the main- 
land. The New York City teachers participating in 
the Puerto Rico workshop are winners of maintenance 
scholarships provided by the Puerto Rican govern- 
ment in cooperation with NYU and the University of 
Puerto Rico. 


Seven members of the scientific faculty at Stevens 
Institute of Technology have been promoted. Advanced 
from Associate Professor to Professor were Arthur 
Lesser, Jr., who becomes Alexander Crombie Hum- 
phreys Professor of Industrial Engineering, and Carl 
Neitzert, Professor of Electrical Engineering. Pro- 
moted from Assistant to Associate Professor were 
Adam Abruzzi, Industrial Engineering; Reuben 
Benumof, Physics; and Edward Peskin, Electrical 
Engineering. James J Lawlor, Machine Design, and 
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John E. Nankivell, Physics, formerly Instructors, 
were named Assistant Professors. 


Three new appointments have been made to the Uni- 
versity of Illinois faculty. Sam S. Barkulis of Western 
Reserve University has been named Assistant Profes- 
sor of Biological Chemistry in the College of Medi- 
cine. Joseph Larner of Washington University School 
of Medicine has been made Assistant Professor of 
Biochemistry. Norman F. Oebker of Cornell Univer- 
sity was named Assistant Professor of Horticulture. 


Grants and Fellowships 


Fourteen unclassified physical research contracts 
with universities and private research institutions, 
awarded by the U.S. Atomic Energy Commission, are 
part of the AEC’s continuing policy of assisting and 
fostering private research and development to en- 
courage maximum scientific progress.in fields related 
to atomic energy. All contracts are for basic research. 

The institutions under contract, the titles of the re- 


search, the individuals who will conduct the research, 


and the amounts awarded are listed below. 


Brown University, Precision Measurements of Neutron In- 
teractions, R. A. Peck, Jr., $17,469 ; University of California, 
Research on Fluorocarbons Solutions, R. L. Scott, $10,435 ; 
University of Chicago, Research on the Structure and Prop- 
erties of Graphite, L. Meyer, $13,471; Columbia University, 
Ion Exchange Chromatography, W. A. Selke, $2,474; Univer- 
sity of Connecticut, Inelastic Scattering of Neutrons, 8. 8S. 
Friedland, $36,422; Florida State University, Search for 
Long-Lived Radioactivities and Including Theoretical Nuclear 
Studies, R. K. Sheline, $10,442; George Washington Univer- 
sity, Studies of Fluorides of the Rare Earth Elements, C. R. 
Naeser, $5,115; Indiana University Foundation, Electrochem- 
ical Research in Amine Solvents, W. B. Schaap, F. C. Schmidt, 
$13,290 ; Ohio State University Research Foundation, Modi- 
fication of the 42” Cyclotron, H. Hausisan, $2,600; Pennsyl- 
vania State Coilege, Neutron Single Crystal Structure Analy- 
sis, R. Pepinsky, $8,829; Purdue Research Foundation, Stud- 
ies in Molecular Spectroscopy, W. F. Edgell, $29,800; Univer- 
sity of South Carolina, Use of Carbon-14 in a Study of Allylic 
Fluorination, H. W. Davis, $1,776; Western Reserve Univer- 
sity, Thermodynamic Properties of Gases Adsorbed o> Solids, 
BE. L. Pace, $10,780; Yale University, High Energy Puysics, 
H. L. Kraybill, E. C, Fowler, $30,348. 


The Committee on Growth of the National Research 
Council, acting for the American Cancer Society, is 
accepting applications for grants-in-aid in support of 
cancer research. Applications for new grants received 
before Oct. 1 will be considered during the winter and 
grants recommended at that time will become effective 
July 1, 1954. 

The Committee feels that a clear understanding of 
cancer must rest upon a deeper insight into the nature 
of the growth process, normal and malignant. There- 
fore, the scope of the research program is very broad 
and includes, in addition to clinical investigations on 
cancer, fyndamental studies in the fields of cellular 
physiology, morphogenesis, genetics, virology, bio- 
chemistry, metabolism, nutrition, cytochemistry, phys- 
ies, radiobiology, chemotherapy, endocrinology and 
environmental cancer. 

During the past year the Society, on recommenda- 
tion of the Committee on Growth, has awarded ap- 
proximately 250 grants totaling more than $1,700,000. 
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A program of similar magnitude is contemplated for 
the coming year. Additional information may be ob- 
tained from the Executive Secretary, Committee on 
Growth, National Research Council, 2101 Constitution 
Ave., Washington, D. C. 


The Travel Committee of the Genetics Society of 
America has raised a sum of money to assist members 
to attend the 9th International Congress of Genetics 
which will be held in Bellagio, Italy, Aug. 24-31, 1953. 
Contributing organizations include: National Science 
Foundation; American Cancer Society; Damon Run- 
yon Memorial Fund for Cancer Research; Rapkine 
French Scientist Fund; Kimber Farms, Niles, Calif.; 
Nicholas Poultry Farm, Kingston, N. H.; Carworth 
Farms, New City, N. Y.; DeKalb Agricultural Assoe., 
Ill.; Ferry Morse Seed Co., Detroit; Associated Seed 
Growers, New Haven; Dover Publications, New York; 
W. H. Freeman & Co., Publishers, San Francisco; 
New American Library of World Literature, New 
York; Eli Lilly & Co., Pharmaceuticals, Indianapolis. 

Each of the following 37 members of the Society 
has been granted a travel award of $300, according 
to W. R. Singleton, Chairman of the Award Com- 
mittee: NSF Grants—David Bonner, Meta Brown, 
Hampton L. Carson, Ernst Caspari, Ruth V. Dip- 
pell, Allen S. Fox, Joseph C. Gall, Eldon Gardner, 
Melvin Green, R. P. Levine, C. P. Oliver, A. H. Spar- 
row, Kathryn F. Stein, Mildred Swann, and Bruce 
Wallace. Other Funds—Vernon Bryson, W. J. Bur- 
dette, C. R. Burnham, J. W. Cameron, Herman Chase, 
Norman Giles, H. B. Glass, Aloha Hannah, William 
Hovanitz, Walter Landauer, Harlan Lewis, J. B. 
Lush, Helen U. Meyer, Herschel Mitchell, Mary Mit- 
ehell, F. J. Ryan, George Snell, Tracy Sonneborn, 
Clyde Stormont, Herluf Strandskov, I. Juan Valen- 
cia, and Henry Vogel. 

In addition, more than one hundred other American 
geneticists have expressed their intentions of attend- 
ing the Congress. One group of more than 20 will 
sail on the M/V Georgic on July 22. The President 
of the Congress will be Professor Richard Gold- 
schmidt of the University of California, who receives 


$500. 


Five Merck Senior Postdoctoral Fellowships in the 
Natural Sciences have been awarded through the Na- 
tional Research Council. The fellowships are granted 
for the purpose of giving advanced education and 
training to young scientists in physics, chemistry, or 
biology, who wish to broaden their fields by acquiring 
familiarity with other areas. The five fellows and the 
institutions at which they will study are: Paul J. 
Allen, University of Sheffield; Donald H. Bucklin, 
Harvard University; Edwin W. Fager, Oxford Uni- 
versity; Morgan Harris, Université de Paris; and 
Robert G. Parrish, Cambridge University. 


Twelve Postdoctoral Fellowships in the Natural 
Sciences have been awarded for 1953-54 by the 
National Research Council, supported by the Rocke- 
feller Foundation. Winners and the institutions at 
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which they will study are: Paul W. Berg, Stanford; 
Stephan A. Berko, Princeton; Joseph B. Griffing, 
University of Cambridge; Donald G. Higman, Me- 
Gill; Lionel F. Jaffe, Hopkins Marine Station; Rolf 
W. Juhle, University of California at Berkeley; 
Arthur K. Kerman, California Institute of Tech- 
nology; Frederick M. Richards, Carlsberg Labora- 
torium; Zevi W. Salsburg, University of Amsterdam; 
Edgar W. Warnoff, Birkbeck College, University of 
London; Joe L. White, Rothamsted Experimental 
Station, Harpenden, Englahd; and William N. White, 
California Institute of Technology. 


Meetings and Elections 


The American Fern Society announces the follow- 
ing program of meetings and field trips to be held 
during the next three months. These meetings are 
open to anyone interested in the study of ferns. 
Bulletins are now available for the two longer field 
tours for which registration should be made at least 
three weeks in advance. 


July 18. New Canaan Bird Protective Society, New Canaan, 
Conn. For information address Miss Alice Bristow, Silver- 
mine Road, Norwalk, Conn. 

Aug. 14-19. In New York State: Pilot Knob, Lake George, 
Wilton. Paradox Lake, Ausable Chasm, Lake Champlain ; 
in Canada: St. John and Montreal. For information ad- 
dress R. C. Benedict, Pilot Knob, N. Y. 

Aug. 30—Sept. 5. Central and Northern Michigan. For infor- 
mation address Mrs. Kathryn EB. Boydston, Niles, Mich. 
Sept. 7-8. Madison, Wis., in association with the American 
Institute of Biological Sciences, papers and one-day field 
trip. For information address Dr. Herbert Clarke, Univer- 

sity of Wisconsin, Madison. 


The Society for Investigative Dermatology has elected 
the following officers for the year 1953-54: president, 
Arthur C. Curtis, University Hospital, Ann Arbor, 
Mich.; vice president, Francis W. Lynch, 1466 Lowry 
Medical Arts’ Bldg., St. Paul, Minn. Herman Beer- 
man was reappointed designate of the Society to the 
AAAS. The 1954 meeting will be held June 19-20, 
1954, at the Clift Hotel, San Francisco. 


The Society of Rheology will hold its annual meet- 
ing at the Hotel New Yorker, October 29-30, 1953. 
The Program Committee invites contributions from 
membérs of the Society and from others who are in- 
terested in rheology. Papers on fundamental studies 
of flow, plasticity, elasticity, and viscoelastic phe- 
nomena are among those which are appropriate, as 
are contributions dealing with practical applications 
of rheology, and ‘hose describing pertinent instru- 
mentation. Correspondence concerning papers should 
be sent to John H. Elliott, Chairman, Program Com- 
mittee, Hercules Experiment Station, Wilmington, 
Delaware. 


A 10-nation conference of fisheries and oceanog- 
raphic experts was held in May at Yale University. A. 
Vedel Taning of the Danish Institute for Fishery In- 
vestigations, G. Rollefsen of the Institute for Marine 
Research at Bergen, Norway, and Herbert W. Graham 
and Clyde C. Taylor of the U. S. Fish and Wildlife 
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Service read papers pooling evidence that the North 
Atlantic is in the midst of its wartuest period in hun- 
dreds of years. Definite steps were taken to set up a 
research program into Atlantic atmospheric and tem- 
perature conditions for the future. The Conference 
chose Halifax, Nova Scotia, as the site of its perma- 
nent headquarters. 


Miscellaneous 


Two $1000 AAAS-George Westinghouse Science 
Writing Awards will be made for the outstanding 
seience stories of the 1952 contest year. Awards are 
made in two classes—magazine and newspaper science 
writing. Finaneed by a grant from the Westinghouse 
Educational Foundation, the awards will be presented 
at the AAAS meeting in Boston. Magazine entries 
must have appeared in nontechnical publications 
widely read by the lay public, and in both eom- 
petitions only entries that have been published be- 
tween Oct. 1, 1952, and Sept. 30, 1953, will be con- 
sidered. Newspaper writers must submit two separate 
science stories in addition to the one they designate as 
their entry. Inquiries should be addressed to AAAS- 
George Westinghouse Science Writing Awards, 1515 
Massachusetts Ave., N.W., Washington 5, D. C. 


Recent foreign visitors at U. S. government agencies 
included: at the Bureau of Agricultural and Industrial 
Chemistry’s Eastern Regional Research Laboratory, 
Philadelphia; Nobuyo Shigemastsu, Tokyo; Walther 
Tachmann, Duisdorf; 8. W. Souci, Munich; H. Phil- 
lips, Surrey, Eng.; and P. Chambard, Lyon, France; 
at the National Bureau of Standards: S. D. Sinvhal, 
Lucknow; Evert Jan Post, The Hague; H. T. Mit- 
chell, London; Marwan Nasr, Beirut; Peter A. King, 
Manchester; R. de Strycker, Louvain; Koji Ohya, 
Shuichi Kan, and Akira Aoki, Osaka; Koichino 
Obama, Kawasaki; Gustavo Jacobsthal, Guatemala; 
Holde B. Levi, Copenhagen; C. B. Venton, Queens- 
land; Frank Gill, London; and H. G. Kuessner, 
Gottingen. 


The National Geographic Society has completed the 
largest map-making project in the 55-year history 
of its cartographic section, as a result of which a new 
10-color historical map of the United States is being 
distributed. The map is 41 x 2614 inches in size, and 
is being distributed with the June issue of the Na- 
tional Geographic Maguzine. 


The following rare chemicals are wanted by 
Armour Research Foundation of Illinois Institute of 
Technology, Registry of Rare Chemicals, 35 West 33rd 
Street, Chicago: Ruthenium nitrate; Niobium nitrate; 
Di-tert.-butyl magnesium; 2,4’-Diphenic acid; Hy- 
drazine nitrate ; 2,4,4-Trimethylpentanone-3 ; 4-Chloro- 
proline; 3-Amino-2-naphthoiec acid; 3-Nitro-2,5-di- 
chlorothiophene; 8-Octadecene; Tetramethylethylene 
oxide; 2-Methyl-5-vinylpyridine; 2-Methylpentanal; 
1,7-Dimethylxanthine; Peroxidase; Sphingosine sul- 
fate; Pyocyanine; Urobilin; Zymosterol. 
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Technical Papers 


Propagation of Group A Coxsackie Viruses 
in Denervated Adult Mouse Muscle 


Wallace P. Rowe 


U. S. Department of Health, Education, and Welfare, 
Public Health Service, National Microbiological Institute, 
Laboratory of Infectious Diseases, 

National Institutes of Health, Bethesda, Maryland 


Evidence in the literature (1, 2) indicates that de- 
nervation of adult skeletal muscle results in decrease 
in activity of two enzymes: phosphorylase and phos- 
phoglucomutase, toward the low levels found in em- 
bryonic and infant muscle. The concept that dener- 
vated muscle may resemble immature muscle in some 
aspects of its metabolism suggested that the metabolic 
change in denervated muscle might result in a return 
to the ability of the tissue to support the multiplica- 
tion of the Group A Coxsackie viruses. These viruses 
previously have not been demonstrated to undergo 
multiplication in adult mice; Syverton et al. (3) have 
reported that following the simultaneous administra- 
tion of cortisone and x-irradiation, a Group A, Type 
4, Coxsackie virus was lethal for adult mice; however, 
no evidence was presented to prove that viral multi- 
plication had occurred or to indicate that muscle was 
affected. 

Five- to six-week-old white Swiss mice were sub- 
jected to unilateral sciatic nerve section in the thigh, 
and approximately 2 weeks later were inoculated in- 
tramuscularly into the calf of the denervated leg with 
a dilution of a Group A, Type 2, Coxsackie virus 
(N.I.H. strain 93). Three days after inoculation the 
gastrocnemius muscle was removed and the infectivity 
titer determined in 2-day-old mice. It has been found 
repeatedly that following inoculation of 10*-10* LD,, 
(determined in 2-day-old mice) the infectivity titer 
of the muscle reached 10-°-10~*. In controls, consist- 
ing of normal adult mice, or of adult animals sub- 
jected to a sham operation, only traces or no virus 
remained on the third day. Strain 93 has been carried 
without difficulty through 50 serial passages in de- 
nervated adult mouse muscle, each passage being made 
by the injection of 0.02 ml of a 2.5% musele suspen- 
sion into the denervated calf. The infectivity titer of 
the 50th passage muscle was 10-**, Material from the 
50th adult passage was typed serologically as strain 
93. 

For initiation of infection by the intramuscular 
route, an interval of at least 7 days after denervation 
and an inoculum of at least 3 logs of virus (LD,,’s in 
suckling mice) are required. Preliminary experiments 
indicate that the infection is confined to the dener- 
vated limb. Infection of the denervated muscle is oc- 
easionally initiated when large doses of virus are given 
intraperitoneally, but not when given orally. 

Strains representing 7 additional types of Group A 
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Coxsackie viruses have been tested, and evidence of 
multiplication has been obtained in all; no conclusive 
evidence of growth in controls has been found, and 
attempts to pass the viruses serially in sham-operated 
mice have been consistently negative. Two strains, 
representing Albany Type 3 and Type H,, have been 
carried successfully through 7 serial passages in de- 
nervated adult mouse muscle, with virus present at 
theoretical dilutions of the original inoculum of 10°*°. 

Although the hypothesis of the reversion of the 
muscle metabolism to that of immature muscle is at- 
tractive in regard to the ability of the denervated 
muscle to support the growth of the Group A Cox- 
sackie viruses, the available data are not sufficient to 
warrant any conclusions on the mechanism of the 
phenomenon. 
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Catalase Assay with Special Reference 
to Manometric Methods? 


Roland F. Beers, Jr.,? and Irwin W. Sizer 


Department of Biology, 
Massachusetts Institute of Technology, Cambridge 


The Michaelis-Menten concept of the mechanism of 
enzyme action has been very fruitful in correlating 
the rate of a catalyzed reaction with the concentration 
or “activity” of the enzyme (1). In the reaction 


E+S2@ES— E + products, (1) 


where E is the free enzyme and § the substrate, the 
rate of breakdown of the intermediate complex, ES, 
is assumed to be rate-determining. Since in the pres- 
ence of excess substrate all the enzyme is in the form 
of ES, the monomolecular breakdown of ES is lin- 
early proportional to the total enzyme concentration. 
The concentration of the intermediate complex under 
these conditions is constaut, and therefore the rate of 
the reaction obeys a zero order equation with respect 
to substrate concentration. These properties of a 
Michaelis-Menten type of enzyme provide the basis 
for the rationale for computing enzyme concentra- 
tions from a zero order slope. 

The same rationale cannot be used for catalase, 


1This work was done under an American Cancer Society 
Fellowship recommended by the Committee on Growth of the 
National Research Council. 

2 Present address : Division of Physical Biochemistry, Naval 
Medical Research Institute, National Naval Medical Center, 
Bethesda, Maryland. 
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however. The substrate species reacts twice with the 
enzyme, first with the free form, then with the pri- 
mary complex (2-4): 


E+S—>ES (2) 
ES +S —> E + products. (3) 
The second step, a bimolecular reaction, is only par- 
tially rate-determining. Moreover, the kinetics of the 
destruction of hydrogen peroxide by an uninhibited 
catalase is well established as a readily integrable first 
order process with respect to the substrate concentra- 
tion (5, 6): 
ds/dt =~k,(s), (4) 
where k, is the observed first order velocity constant 
(with the dimensions of sec~') for a given concentra- 
tion of enzyme, and (s) is the substrate concentration. 
The value of k, is independent of substrate concen- 
tration (10-° to 10 M) or time and is found to be 
linearly proportional to the enzyme concentration. 
Equation (4) may be written thus: 
ds/dt =-k,(e) (8), (5) 
where k, is the specific reaction rate (with the dimen- 
sions of liter x mole-* x sec!) and (e) is the enzyme 
concentration. Since the molar concentration of the 
catalase can be determined spectrophotometrically 
(6), k, can be readily caleulated from Eqs. (4) and 
5): 
©) ks =k,/e. (6) 
Conversely, once k, is known, Eq. (6) may be used to 
calculate (e) from the observed values of ky. Equation 
(6) is valid for rates calculated from measurements 
of either the destruction of hydrogen peroxide or the 
oxygen evolution. 

Despite the fact that these relations have been 
known for several years (6), the majority of papers 
published on catalase since 1947 (7-13) (with the ex- 
ception of the series by Chance [4] and others [2, 6, 
14]), have presented calculations of the concentra- 
tion, degree of inhibition, or thermodynamic proper- 
ties of catalase by means of “activity” measurements 
which bore no linear relation to the mass action Jaws 
governing the catalase-hydrogen peroxide reaction. 
For this reason, the data cannot be quantitatively 
compared nor the conclusions considered unequivocal. 
Quantitative methods for studying the rate of per- 
oxide breakdown by catalase as a function of cata- 
lase concentration must yield data that meet the fol- 
lowing criteria: 

(a) The concentration of the active enzyme always 
must be linearly proportional only to a first order 
velocity constant (which does not contain the sub- 
strate or product concentration as a dimension), and 
(b) the first order velocity constant must be indepen- 
dent of substrate (or product) concentration and time. 
It follows that any velocity constant to be substituted 
in any of the thermodynamic equations must be cal- 
culated from Eq. (6). 

For illustrative purposes and because of its exten- 
sive use, the manometric method of assaying catalase 
“activity” will be considered. The special problem of 
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oxygen diffusion across the air-liquid interface makes 
the analysis of kineties by the manometric method 
difficult. Precautions have been taken by several au- 
thors to compensate for this difficulty (10, 15), but 
in none of the experiments did the observed rate of 
oxygen evolution follow a strict first order equation. 
The initial lag in oxygen evolution commonly observed 
(11, 16) has no theoretical basis in the catalytic 
process (2). Reasons for the failures of these methods 
are discussed by Lewis and Whitman (17), Adney and 
Becker (18), and Roughton (19), where diffusion of 
insoluble gases across air-liquid interfaces is con- 
sidered. 

The usual manometric technique was employed in 
two studies (16, 20). The rate of evolution of oxygen 
from 2.5 ml of reaction mixture containing beef liver 
catalase (Worthington), varying concentrations of 
hydrogen peroxide (0.037—0.20 M) dissolved in 0.05 M 
borate buffer, pH 7.8, was followed in a Warburg- 
Barcroft manometer at 5° C. Figure 1 shows curves 
of oxygen evolution at three different rates of agita- 
tion at constant enzyme and initial substrate concen- 
trations. Both the rate and the order of the rate of 
oxygen evolution increased with increasing rates of 
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Fic. 1, Bffect of varying rate of oscillation of Warburg 
cups from 40 to 120 times/min. Dashed lines are extrapolated 
initial rates. Stock solution of catalase diluted 1 : 200,000. 
Initial hydrogen peroxide concentration 0.073 M. 
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agitation. The initial lag, as expected, is most appar- 
ent at the lowest rate of agitation. This lag can be 
abolished by increasing the substrate concentration. 
Figure 2 illustrates the illusion of saturation of the 
enzyme by increasing the substrate concentration. 
Beyond a given concentration of substrate at a given 
rate of agitation, increasing the substrate concentra- 
tion has no apparent effect on the rate of evolution of 
oxygen. The fallacy of the hypothesis of enzyme satu- 
ration is further supported by the additional finding 
that increasing the enzyme concentration under these 
same conditions increases the oxygen evolution at a 
rate almost linearly proportional to the enzyme con- 
centration except at low enzyme concentrations (Fig. 
3). In addition, the apparent saturation value of the 
substrate concentration increases with enzyme con- 
centration. However, as the rate of agitation increases, 
the so-called “saturation value” of the substrate in- 
creases (Fig. 2). Control studies using titrimetric 
methods (15, 20) show that the agitation rate itself 
has no effect on the catalytic process. Therefore, the 
above phenomena are artifacts of the manometric 
method and are due to the peculiar compensatory ac- 
tion of the first order catalytic process and the limit- 
ing rate of transfer of oxygen across the air-liquid 
interface. Since the criteria for studying catalase ki- 
netics have not been met, this particular manometric 
method must be considered unsatisfactory for cata- 
lase assay. 

It is hoped that with an increased awareness of the 
kinetic properties of the catalase-hydrogen peroxide 
system, future investigators will employ methods that 
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Fic. 2. Effect of varying substrate concentration and rate 
of agitation on rate of evolution of oxygen. Linear portion 
of slope used for rate calculation. Catalase stock solution 
diluted 1 ; 250,000. 
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Fic. 3. Apparent linearity between rate of oxygen evolu- 
tion and enzyme concentration. Rate of agitation 120 times/ 
min. Initial peroxide concentration 0. 073 M. Catalase diluted 
1: 125,000 to 1: 12,500. See text for details. 


record the true rate of the reaction (or some linear 
function thereof) and will use rate constants consist- 
ent with the mass action laws. It is apparent from this 
study that, because the kinetics of the catalase-per- 
oxide system are known, it becomes possible to specify 
rigorous criteria for quantitative assay methodology 
which permits adequate calculations of rate constants. 
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A Quantitative Amino Acid Analysis of 
Sheep Adrenocorticotropic 
(ACTH) Protein* 


Richard M. Mendenhall? 


Laboratory Services, Veterans Administration Hospital, 
Oakland, California 


The amino acid analysis of sheep adrenocortico- 
tropic (ACTH) protein, prepared by the method of 
Li, Evans, and Simpson (1) is presented. Three in- 
vestigators working independently and in separate 
laboratories have produced these results. The starting 
material in each case was taken originally from the 
same bottle, thus eliminating any question as to dif- 
ferences in results being caused by variations in 
preparative technique. The analyses may, therefore, 
be directly compared. 


passage through the column. Thus, known quantities 
(1.2 uM) of each amino acid were added to the eol- 
umn and the total optical density of the developed 
ninhydrin color was recorded for each peak, being de- 
termined with the Beckman DU spectrophotometer. 
The standardization was performed 3 or 4 times for 
each amino acid and the average value used in the 
determination of the unknown. In so doing, the ratio 
of optical densities of unknown to standard multiplied 
by 1.2 equaled the number of micromoles of the par- 
ticular amino acid under consideration in a known 
quantity of the chromatographed protein hydrolysate. 

Table 1, method 1, presents the data obtained by 
Shankman Laboratories (6, 7) using microbiological 
techniques, except for cystine which was determined 
by Li (8). Methods 2 and 3 present the data obtained 
by Hier (2%), using microbiological techniques, and 
those of the author, respectively. 


TABLE 1 
Amino Acip ANALYSIS oF ADRENOCOoRTICOTROPIC (ACTH) Prorern 


Amino acid content of protein (g/100 g) 


Amino acid 


Estimated number of residues 


Method* 1 2 3 Av 1 2 3 
Alanine 7.04 7.04 18 
Arginine 8.7 9.0 10.28 9.3 11 12 13 
Aspartic acid 6.7 6.3 6.83 6.6 1l 12 12 
Cystine 7.2 8.6 8.21 8.0 7 8 8 
Glutamic acid 15.6 16.1 14.99 15.6 24 25 23 
Glycine 8.0 -- 8.66 8.3 24 _ 26 
Histidine 1.3 1.3 1.34 1.3 2 2 2 
Isoleucine 3.1 3.4 2.97 3.2 5 6 5 
Leucine 7.8 7.2 7.42 7.5 13 12 13 
Lysine 5.0 4.6 5.32 5.0 8 7 8 
Methionine 1.9 1.2 0.91 1.5t 3 2 — 
Phenylalanine 4.0 4.2 4.13 4.1 5 6 6 
Proline 8.2 7.7 9.61 8.5 16 15 19 
Serine 6.0 _— 6.69 6.2 13 _— 14 
Threonine 3.2 2.1 3.63 3.0 6 4 7 
Tyrosine 2.4 2.4 2.99 2.6 3 3 4 
Valine 3.4 3.3 3.49 3.4 7 6 7 

Method Mean Molecular Weight + Standard Deviation 

1 22,600 950 

2 22,900 800 

3 22,900 700 

* See text. 


+ Chromatographic value not included in the average. 


The method used by the author was essentially the 
starch-column chromatographic technique of Moore 
and Stein (2-5). The only major departure from their 
procedure was the standardization of the amino acids. 
Although they used color recovery, the method used in 
these determinations was based on amount of color de- 
veloped from the eluted amino acid without concern 
for that which might be lost in some manner during 


1 This work was supported in part by grants from the U. 8. 
Public Health Service, the Armour Laboratories, and the 
Merck Co., and was taken, in part, from a section of the 
author’s thesis submitted in partial satisfaction of the re- 
quirements for the Ph.D. degree in Biochemistry at the Uni- 
versity of California, Berkeley. 

2Cutter Laboratories Fellow in Biochemistry, 1950-51. 
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Three sets of data are included in the table for com- 
parative purposes. The calculated molecular weights 
of the protein by the 3 analyses are not significantly 
different, nor is the spread of the 3 sets of values sig- 
nificantly different. For the molecular weight estima- 
tion from the chromatographic data, the value for 
methionine was omitted, apparently being too low. 
The sum, however, of the methionine plus cystine sul- 
fur is 2.38%, while the data from method 1 yields a 
sum of 2.33%. 

The chromatographic values for serine and threo- 
nine are corrected according to Rees (10). If these 
correction factors for loss during hydrolysis are ne- 
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glected, the values become 5.96 for serine and 3.41 for 
threonine as g per 100 ¢ protein. 

The estimated number of amino acid residues per 
molecule of protein appears in the second set of fig- 
ures for each method. A comparison of these numbers 
reveals the 3 determinations to agree on histidine only; 
although aspartic acid, cystine, isoleucine, leucine, 
lysine, phenylalanine, tyrosine, and valine show agree- 
ment in 2 out of 3 of the analyses. In the latter 8 in- 
stances, 7 of the identical sets of numbers include the 
chromatographic data, whereas one set includes the 2 
microbiological data. If the uncorrected chromato- 
graphie data for serine were used, it would agree with 
one of the microbiological figures for this amino acid. 
The remaining numbers do not show agreement al- 
though the differences are not large, except for the 
chromatographic values for methionine and proline. 

The preponderance of acidic over basic amino acids 
is in keeping with the isoelectric point of the protein 
(11) and also points to a site of action for the cationic 
exchange properties which this protein quite possibly 
displays (12). 
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P*? Distribution in the Serum 
Proteins of the Chicken’ 


R. E. Clegg and R. E. Hein 
Kansas State College, Manhattan 


The source of the phosphorus found in the egg has 
been the subject of numerous investigations and, in 
general, these studies have shown that extra phos- 
phorus appears in the blood of birds during egg for- 
mation. In this respect, the relationship between the 
phospholipids and the site and rate of formation of 
these substances has been discussed previously (1, 2). 
Recently, differences in the number and amount of 
the electrophoretic components of the serum proteins 
of laying and nonlaying birds have been observed 
(3, 4); however, except for the possible lipoprotein 
nature of certain of these components (4), no other 
characteristics have been reported. According to Char- 
gaff (5), phosphorus plays an important role in bind- 
ing the lipid to the protein, and the amount of phos- 


1 Contribution No. 480, Department of Chemistry. 
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phorus found in various lipoproteins tends to confirm 
this statement. A method for measuring the P*? dis- 
tribution in the various components of protein mix- 
tures is now available (6), and by using this technique 
the P*? in the electrophoretic components of the sera 
of birds has been under investigation. Certain of the 
results, and the relationship of these results to the 
distribution of the lipoprotein fractions reported by 
Moore (4), are discussed in this communication. 

The sera were prepared from the blood of 8-week- 
old chickens, from 8-week-old chickens injected with 
diethylstilbestrol, and from laying hens. The 8-week- 


EXPERIMENTAL 


2 


34 56 
CONTROL 
1200F 
1000} 
z 
= 
uJ 
a 
j= 
z 
° 


23 4 SE 
FRACTION 


Fie. 1. P® activity of the electrophoretic components of 
the blood serums of normal and diethylstilbsetrol-treated 
chickens. The solid bars represent the activity of the com- 
ponents of the control; the open bars represent the activity 
of the hormone-treated birds. 
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Fic. 2. P® activity of the electrophoretic components of 
the blood serum of laying hens. 


old chickens were fed 1 me of P** daily for 3 or 4 days, 
and the laying hens were fed in a similar fashion for 
7 days. The electrophoretic (3) and radiochemical (6) 
techniques have been described elsewhere. For the pur- 
pose of this discussion the plateaus of the P** activity 
eurve have been subtracted one from the other so that 
the activities shown in Figs. 1 and 2 represent the 
relative activities of the various electrophoretic com- 
ponents. 

The chief difference in the radioactivity associated 
with the sera of the normal nonlaying birds and those 
injected with the diethylstilbestrol was the high P** 
content of 2 of the electrophoretic components. As 
illustrated in Fig. 1, component 1 and the greatly en- 
larged component 5, which are present only in the 
hormone-treated birds, contained relatively high con- 
centrations of P**, In the case of the laying hens (Fig. 
2), the same phenomena were evident. The lower total 
amount of activity in the laying hens was probably 
caused by the loss of P*? in the eggs during the ex- 
perimental period, however, inasmuch as the same pat- 
tern was present in both the laying and hormone- 
treated birds, 

Moore (4) has shown that the ether extraction 
method of McFarlane removed the extra or enlarged 
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components found in the sera of laying and hormone- 
treated birds. The fact that repeated freezing at - 25° 
C and thawing was needed to remove the fat-soluble 
substances is indicative of the presence of rather 
stable phospho-lipo-protein complexes and demon- 
strates the absence of mixtures or loosely adsorbed 
systems. With this in mind the fractionation and prop- 
erties of these components are under investigation. 
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Degradation of Glucose? 


C. T. Bishop? 


Division of Applied Biology, 
National Research Laboratories, Ottawa, Canada 


The original method of glucose degradation (1), 
based on bacterial conversion of glucose to lactic acid 
and subsequent chemical degradation, was laborious 
and time-consuming. Aronoff and Vernon (2) sug- 
gested a chemical method that appeared more satisfaec- 
tory. Glucose was converted to its osazoue which was 
then oxidized by periodic acid. The products of oxida- 
tion were: formaldehyde from C-6, formie acid from 
C-4 and C-5, and the osazone of mesoxalaldehyde from 
C-1+ C-2+C-3. Further oxidation of the osazone of 
mesoxalaldehyde with 1% alcoholic potassium hydrox- 
ide should yield glyoxalosazone derived from C-1+ 
C-2. However, Vittorio, Krotkov, and Reed (3) re- 
ported difficulty in isolating glyoxalosazone from this 
oxidation and were forced to adopt a modified tech- 
nique involving precipitation of acetaldehyde as aldo- 
medone. 

Osazones are unstable compounds and have gen- 
erally been discarded in favor of the phenylosotria- 
zoles as characteristic derivatives of sugars. It was, 
therefore, decided to try the Aronoff and Vernon pro- 
cedure, with slight modifications, on the stable phenyl- 
osotriazole derivative of glucose. The scheme of this 
degradation is shown in Fig. 1. 

Glucose (I) was converted to glucosazone (II) (4) 
which was changed to glucose phenylosotriazole (III) 
(m.p. 194-195.5° C, [a] = 79.3, C=1.01 in pyri- 
dine) by the method of Hann and Hudson (5). Peri- 
odate oxidation of III, as reported by the same 
authors (5), yielded 1 mole of formaldehyde from C6, 
2 moles of formic acid from C-4 and C-5, and 2-phenyl- 
4-formyl osotriazole (IV) from C-1 + C-2 + C-3. Com- 

1N.R.C. No. 3014, 

2The author wishes to thank G. A. Adams for calling at- 


tention to this problem. The technical assistance of J. E. 
Fraser is gratefully acknowledged. 
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Fic. 1. Scheme for glucose degradation. 


pound IV was filtered from the periodate oxidation 
as colorless crystals having the reported m.p. 69-70° 
C (5, 6). Nitration of IV with fuming nitric acid at 
room temperature (6) yielded 2-(p-nitropheny)l) -4- 
formyl osotriazole (V), m.p. 136-137° C, reported 
here for the first time. Infrared absorption spectra 
supported the proposed structure and the results of 
analysis agreed with the calculated values. 
Caleulated for C,H,O,N,: C =49.54%, H=2.77%, 
N=25.68%. Found: C=49.41%, H=3.03%, N= 
25.51%. Further confirmation of the structure of V 
was given by the next step in the degradation: Alka- 
line permanganate oxidation (7) produced the acid, 
2-(p-nitrophenyl)-4-carboxy osotriazole (VI) which 
was recrystallized from water to a constant m.p. 236- 
237° CU, in agreement with the reported value (6). The 
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silver salt of VI was formed by heating the acid in 
ammoniacal silver nitrate until solution was complete. 
Three volumes of a mixture of acetone : methanol 
(1:1 by volume) were added and the solution was 
boiled gently to remove ammonia. The removal of am- 
monia caused the precipitation of the silver salt of 
2-( p-nitrophenyl) -4-carboxy osotriazole (VIII) which 
was isolated by centrifuging. After washing with ace- 
tone to remove any ammonium nitrate, the precipitate 
was dried at 0.1 mm over phosphorus pentoxide. The 
acid VI was then decarboxylated by heating its silver 
salt (VII) in a test tube, at 250° C in an oil bath (6). 
The product, 2-(p-nitrophenyl) osotriazole (VIII), 
derived from C-1+ C-2, distilled and crystallized out 
on the upper part of the tube. Its m. p. was in agree- 
ment with the reported value of 183-184° C (6). 
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This degradation has been carried out using non- 
radioactive glucose, but no difficulties are anticipated 
in applying it to the radioactive compound. The nitra- 
tion is necessary because compound VIII without the 
nitro group is an oil, not as easily isolated or charac- 
terized as the crystalline derivative. In using radio- 
active glucose a barium hydroxide trap should be at- 
tached to the dry distillation of compound VII, the 
final step in degradation. Silver carbonate, formed in 
this reaction, decomposes at 218° C with liberation of 
carbon dioxide. The trapping and counting of this gas 
would confirm the radioactivity on C-3 of the glucose. 
Heating aqueous solutions in recrystallizations should 
be done under reflux because some osotriazole deriva- 
tives are volatile in steam. All compounds formed in 
this degradation are well characterized crystalline 
compounds, soluble in organic solvents such as chloro- 
form, ethanol, pyridine and acetone. 
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The Adaptation of the Voges-Proskauer 
Reaction for the Quantitative 
Assay of Streptomycin 


J. J. Szafir and E. O. Bennett 


Department of Biology, University of Houston, 
Houston, Texas 


At the present time there are several chemica) meth- 
ods for the assay of streptomycin. The principal chemi- 
eal methods are the tests of Sullivan and Hilmer (/), 
Boxer, Jelinek, and Leghorn (2), and Marshall e¢ al. 
(2). The test of Sullivan and Hilmer (1), is not sen- 
sitive with concentrations of the antibiotic lower than 
1000 units/ml and vaiues are high due to breakdown 
products formed during the test. The methods of 
Boxer, Jelinek, and Leghorn (2), and Marshall (3) 
are excellent chemical assay methods for streptomycin, 
but neither is adaptable to the assay of dihydrostrep- 
tomycin. All 3 of these assay methods require consid- 
erable time to perform. 

The Voges-Proskauer reaction depends on the pro- 
duction of acetylmethylearbinol or acetoin from glu- 
cose metabolism. In the presence of potassium hy- 
droxide, acetylmethylearbinol is oxidized to diacetyl 
which reacts with substances containing a guanidine 
residue to give a red-colored compound. Streptomycin 
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and dihydrostreptomycin both contain 2 free guanido 
groups, which might be expected to complete this re- 
action. The purpose of this paper is to report a modi- 
fication of the Voges-Proskauer reaction that permits 
a rapid quantitative assay for either form of the anti- 
biotic. 

Modifications of the Voges-Proskauer reaction such 
as the methods of Harden and Norris (4), Barritt (5), 
O’Meara (6), and Coblentz (7) were investigated to 
determine their desirability for use in the assay of 
either form of the antibiotic. Acetylmethylearbinol 
(Matheson Co.) was used for preliminary work but, 
because of its unstable nature, diacetyl (Eastman Dis- 
tillation Products Industries) was later adopted as 
the reagent of choice. These various modifications of 
the Voges-Proskauer reaction were repeated many 
times, using varying amounts of reagents, different 
concentrations of reagents, and different sequences of 
addition of reagents. After optimum conditions had 
been determined, tests were carried out with different 
concentrations of streptomycin and dihydrostrepto- 
mycin to determine the sensitivity of the assay. Color 
readings were made with a Klett-Summerson photo- 
electric colorimeter using filters #42, 54, and 66. 

Except for the modifications of Harden and Norris 
(4) and Barritt (5), all the procedures of the Voges- 
Proskauer reaction proved to be unsatisfactory be- 
cause of lack of sensitivity. After modification of these 
2 methods the following procedure was developed. The 
amounts and concentrations of reagents were placed 
in Klett-Summerson tubes in the following order. 


Streptomycin (varying concentrations) ....... 1.0 ml 
Alpha naphthol (5% in 95% ethanol) .... 0.5 ml 
Potassium hydroxide (40%) 


The function of potassium hydroxide in the Voges- 
Proskauer reaction is thought to be that of oxidation 
of acetylmethylearbinol to diacetyl. Therefore, it would 
seem that if diacetyl were used, potassium hydroxide 
would not be needed. It was found that no color devel- 
oped if potassium hydroxide was omitted. This indi- 
cates a new and unexplained function of potassium 
hydroxide in the reaction. It was found that the addi- 
tion of streptomycin first and diacetyl last will give 
positive results whereas any other order of addition 
will give negative results. The tubes were shaken for 
10 min to develop maximum color and then read for 
transmittency percentage in the colorimeter, using the 
#54 green filter. Maximum color was found to be 
stable for 15 min and tubes must be read within this 
time. In order to determine concentrations of strep- 
tomycin or dihydrostreptomycin greater than 1000 
units/ml, 1.0-ml samples must be diluted to a total 
volume of 20.0 ml with distilled water, and sample 
amounts may then be assayed. Concentrations as low 
as 25 units/ml may be determined for either form of 
the antibiotic. This procedure gives a reproducible 
quantitative color test which fulfills Beer’s law for 
any concentration from 25 units/ml to 1000 units/ml. 
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A standard curve can be developed by which unknown 
samples of the antibiotic may be assayed. 
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Liver Function and Bromsulfalein 
Disappearance’ 


Robert L. Evans? ? 


University of Minnesota and 
Minneapolis Veterans Administration Hospital 


In the bromsulfalein test of liver function, a known 
amount of the dye (which is designated “BSP”) is in- 
jected intravenously, and its subsequent concentration 
in the blood is measured after one or more selected 
time intervals. MacDonald published both normal and 
abnormal curves of BSP disappearance in humans 
(1). Before 1947 it was assumed that BSP disappear- 
ance from the blood is caused only by its removal in 
the liver and excretion in bile. However, in 1947, Cohn, 
Levine, and Streicher published the results of experi- 
ments with dogs that provide good evidence of extra- 
hepatic uptake of BSP (2). Those results support the 
following approximate interpretation of the BSP dis- 
appearance curves. 

Let y=y(t) and z=2(t) be the amounts at time t 
(in min) of BSP in the blood and in the extrahepatic, 
extravascular tissues, respectively. Assume that all 
rates of BSP transfer are proportional to the amount 
of BSP from which the transfer occurs. Let k,, k,, and 
k, be the proportionality constants for the transfers 
from y to z, from z back-to y, and from y to the liver 
excretion, respectively. Then 

dy 


ae = (k, + ks)y, 


dz 
2(0) =0, and y(0) =%. 
This differential system has a solution of the form 
rt -rt 


y(t)=Ae (2) 


1 From the University of Minnesota Mathematics and Me- 
chanics Department; consultant in medical research at the 
Veterans Administration Hospital (Veterans Administration, 
and University of Minnesota Department of Medicine), Min- 
neapolis. 

2 Sponsored by the Veterans Administration and published 
with the approval of the Chief Medical Director. The state- 
ments and conclusions of the author do not necessarily reflect 
the opinion and policy of the Veterans Administration. 

*The author thanks Donald S. Amatuzio for helpful dis- 
cussions and for preliminary communication of experimental 
results being obtained by him and his associates at the 
Veterans Administration Hospital. 
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where —r, and —r, are roots of the algebraic equation 
in fr, 
r+ 
and 
A = (1, — ke) Yo/ (11-72) and B= 12) Yo/ (11-12). 
Also, 
+k, +k, and = 
so that 


k, +k, = (Ar, + Bry) /y., 

k= (Br, + Are) /Yo, (3) 
Keg = o/ = (Br, + and 4 
k, = + ks) = (Ar, + Bre) /Yo — (Br, + 


In applying these results to an experimental curve, 
it is first determined what values of A, B, r, and r, 
cause equation (2) to fit the experimental results. 
When the observed points are plotted on semilog 
paper the later portion, say for t > 30, is approxi- 
mately linear and a measure of the term Bes'—so 
this segment gives r, from its slope and B as its ex- 
trapolation at t=0. (For r,, if y(t,) and y(t.) are 
on that segment and such that 2y(t,) =y(t,) then 
r, = 0.693/(t, —t,). If the blood volumes is V in ee, if 
the dose is D in mg, and if y is measured in mg/100 
ee of blood, then 


A=y,-B=100 D/V -B. 


In some cirrhoties, for example, the blood volume is 
not given accurately by the usual tables relating blood 
volume to weight and height. In these cases A is deter- 
mined more accurately from the quantity (y.-B) 
with yo, being the extrapolation of the y(t} curve back 
to about t= 2, which allows a couple of minutes for 
the initial mixing after injection. (This extrapolation 
is best done on the semilog plot.) The value of r, is 
determined in the same way as r., but from the best 
straight-line fit of the semilog plot versus time of the 
quantity (the observed value—the value of the above 
Be~:' at the time of the observation). With these ob- 
served constants one calculates the k’s by using equa- 
tions (3), (4), and (5). 

The initial slope on the semilog plot of the observed 
curve is a rough measure of k,—especially if the dose 
is small and if the tested individual is normal in hav- 
ing a k, that is large relative to k, and k,. According 
to this measure and MacDonald’s results (1) the k, 
values of normal individuals are between 0.14 and 0.4 
when the dose is 2 mg/kg and between 0.075 and 0.25 
when the dose is 5 mg/kg. The k, values appear to 
be less in individuals with diseased or impaired livers 
—k, may even be as low as about 0.01 (Fig. 7, curve 
7 of ref. 1). 

In routine testing for impaired liver function it 
would be best to take measurements every 5 or 10 min 
for about half an hour and every 10 or 20 min for 
at least another half hour. This is recommended be- 
cause in cases with impaired liver function the values 
of k, and k, may be greater than normal (possibly 
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due to some compensatory mechanism) and thus neces- 
sitate the determination of all the constants in equa- 
tions (2) and (4). Such an analysis would require a 
minimum of 4 determinations, at about 3, 10 or 15, 
30 or 40, and 60 or 80 min. In other words, the analy- 
sis of BSP curves for abnormals (mild or severe) is 
much more complicated than that of normal BSP 
curves if the results are to be equally accurate and 
clearly definitive. In case the above steps of the curve 
analysis are omitted or improperly done, the more 
likely error is the underestimation of the extent of 
liver impairment. 

The present interpretation gives an approximate 
confirmation of Goodman’s conclusions about normal 
eases, but his results for abnormal cases would some- 
times be too high (3). 

The present theory also applies to the hepatecto- 
mized dogs of Cohn, Levine, and Streicher (1). In 
that case k,=r,=0 and the last term of equation (2) 
is constant. 

This treatment neglects the reabsorption factor de- 
seribed by Lorber and Shay (4). That factor should 
give rise to theoretically low values of k, (and higher 
values of k, and k,), but these would still be correct 
in regard to over-all physiological significance. 

If E is the efficiency with which the liver removes 
BSP from the blood flowing through it, and if F is 
the fraction of the total blood volume that flows 
through the liver each minute, then k,=EF. Since 
0<E<1 it follows that k, is an ~pper limit for 
liver blood flow, F. However, k, itself is the physio- 
logically significant quantity, or measure, of this par- 
ticular liver function. 
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The Influence of Iodoacetate on the Sodium 
and Potassium Content of Ulva lactuca 

ana the Prevention of Its 

Influence by Light* 


George T. Scott and Hugh R. Hayward? 
Department of Zoology, Oberlin College, 


Oberlin, Obio, and Marine Biological Laboratory, 
Woods Hole, Massachusetts 


The influence of glycolytic inhibitors on cation 
equilibria and movements in living cells has been in- 
vestigated by Wildbrandt (1), Harris (2), and 
Maizels (3) on human erythrocytes, Dean (4) on 

1This paper represents part of the research performed 
under Contract AT(11-1)-181 between the Atomic Energy 
Commission and Oberlin College. 


*The authors wish to acknowledge the technical assistance 
of William De Witt Andrus. 
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muscle, Dixon (5) on brain cortex, and Scott et al. 
(6) on baker’s yeast. An interpretation of the action 
of these agents has been based on their inhibitory 
effect on specific enzyme systems of carbohydrate 
metabolism which are associated with ion transport 
and equilibria. 

The experiments to be reported represent a study 
of the influence of one of the glycolytic inhibitors, 
monoiodoacetate, on the sodium and potassium con- 
tent of the green alga, Ulva lactuca. The study was 
undertaken to test the applicability of the postulated 
role of glycolysis in cation regulation in this form. 

The cells of this marine organism, like most cells 
living in a high Na* low K+ medium, accumulate K+ 
and partially exelude Na*. Since the alga consists of 
large membranous fronds of two layers of cells, it 
is particularly well suited for investigations involv- 
ing ion interchange between the cell and its environ- 
ment. 

The Ulva, collected fro, the Eel Pond in Woods 
Hole, was conditioned bef, -° use under incandescent 
illumination in running sea water. Small uniform sam- 
ples cut from a single frond were placed in large 
finger bowls of sea water, containing the inhibitor 
when present, and maintained in the dark or in the 
light at the temperature of running sea water (ca. 
21° C). Samples were removed at various time inter- 
vals, rinsed for 1 min in isotonic sucrose (0.6 M) to 
remove adhering salts. The sucrose solution was then 
removed from the surface by a consistent blotting pro- 
cedure. A wet weight was determined on the blotted 
material and, after drying for 12 hr at 110° C, a dry 
weight was taken. Cell water was calculated by dif- 
ference. The dried material was ground in a mortar 
and extracted in 50.0 ml of 10% trichloracetic acid 
for a few hours. The observation has been made in 
our laboratory that Na* and K* are quantitatively ex- 
tracted from the material by this method as compared 
with the usual wet ashing techniques. The extracts 
were analyzed for Na* and K* by flame photometry, 
using the Beckman spectrophotometer. 

Influence of sodium iodoacetate on cellular potas- 
sium in the dark and in the light. The presence of the 
inhibitor in a concentration of 0.001 M results in a 
marked loss of K+ from the cells over a period of 24 
hr in the dark. Control samples taken at the beginning 
and end of this period were essentially constant in 
potassium content (Fig. 1). In the presence of light 
from a 100-w incandescent lamp placed at a distance 
of about 1 ft from the alga, the inhibitor is confpletely 
ineffective in causing loss of K+. Rather, the potas- 
sium content of the experimentals temporarily in- 
ereases over that of the controls. 

To evaluate further the influence of light on the 
prevention of the iodoacetate effect, the concentration 
of the inhibitor was raised to 0.005 M. Again the light 
prevented the loss of K* (Fig. 1). 

Influence of sodium iodoacetate on cellular sodium 
in the dark and in the light. Concomitant with the K+ 
loss caused by the 0.001 M NalAA in the dark the 
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Fic. 1. The influence of monoiodoacetate on the potassium 
eontent of Ulva lactuca in the light and im the dark. Potas- 
sium is expressed in terms of cell water. 


cellular sodium increases over that of the controls, 
although the condition of darkness alone is sufficient 
to cause some sodium increase. Illumination again pre- 
vents this action of the inhibitor, and the sodium is 
actually somewhat reduced compared to the controls 
(Fig. 2). Light also prevents an increase in sodium 
when the inhibitor concentration is raised to 0.005 M. 

An examination of a large body of unpublished 
data indicates a close correlation between potassium 
content and calculated cell water in Ulva lactuca, 
while sodium content is most consistent on a dry 
weight basis. For these reasons, the potassium and 
sodium data are expressed as indicated, although 
essentially the same results appear when the data for 
each ion are expressed on either basis. These observa- 
tions may reflect a largely ionized cellular potassium 
and a partially bound sodium. Confirmatory evidence 
for the ionized state of potassium has been recently 
obtained in our laboratory by experiments with K*? 
which indicate that all the potassium in the cell is 
readily exchangeable (7). 

The normal variation in potassium content encoun- 
tered in samples from different fronds or in different 
samples from the same frond, probably a reflection of 
varying physiological conditions within the cells, is 
usually accompanied by a reciprocal sodium variation. 

Iodoacetate, in low concentrations, has been shown 
by experiments in vitro to inhibit selectively glycer- 
aldehyde dehydrogenase, one of the glycolytic enzymes 
(8). It has been proposed, since iodoacetate caused a 
loss of K* from erythrocytes, muscle, brain cortex, 
and yeast cells, that the normal accumulation of this 
eation is dependent on the intact glycolytic system 
(3-6). The additional observation by Maizels (2) of 
a gain of Na* by human erythrocytes in the presence 
of the inhibitor suggests an active sodium extrusion 
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process dependent on glycolytic energy. The interpre- 
tation of the action of iodoacetate in the dark in caus- 
ing a loss of K* and a gain of Na* in Ulva lactuca is 
consistent with this hypothesis. 

The prevention of these ion shifts by light lends 
further support to this hypothesis, since phospho- 
glycerie acid, the compound which is formed by the 
action of glyceraldehyde dehydrogenase, has been 
shown by Calvin and Benson (9) and confirmed by 
Fager and Rosenberg (10) to be the first stable prod- 
uct formed in the photosynthetic reduction of carbon 
dioxide. Hence, in the light, even in the presence of 
the inhibitor, which prevents the glycolytic formation 
of phosphoglyceric acid, this intermediate is made 
available to cellular metabolism by photosynthesis. 
The above evidence suggests, therefore, that the nor- 
mal Na* and K* distribution in this organism depends 
on the utilization, in some way, of phosphoglyceric 
acid. The degradation of this compound could provide 
energy for synthetic processes maintaining the normal 
constituents of the plasma membrane, thus affecting 
the permeability per se of the cell for cations. This 
phase of cation regulation has been particularly em- 
phasized by Parpart and Green (11) in relation to 
factors affecting the Na* and K* balance in the eryth- 
rocyte. Since iodoacetate inhibits glycolytic synthesis 
of adenosinetriphosphate, another interpretation for 
these results might be that ATP ions, which according 
to a novel hypothesis proposed by Ling (12), “when 
absorbed on proteins could supply a strategically in- 
dispensable part of the fixed charges which would 
selectively attract K+ and displace Na* from the cell.” 


70+ 


HOURS 


Fic, 2. The influence of monoiodoacetate on the sodium 
content of Ulwa lactuca in vhe light and in the dark. Sodium 
is expressed in terms of dry weight. 
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In the opinion of the authors, however, a more 
probable explanation of the observation here reported, 
and a view favored by further investigation of the 
problem in this organism (13), is as follows: Ion 
transport mechanisms, as yet to be elucidated, would 
be necessary to compensate for the continual flow of 
these cations with their concentration gradients across 
the cell surface. Such transports, according to this in- 
terpretation, would be energized by the metabolic 
degradation of phosphoglyceric acid, perhaps through 
the mediation of high energy phosphate bonds as in 
ATP. 

A further elucidation of the precise mechanisms in- 
volved in this problem will pertain to one of the most 
fundamental activities of living cells: the capacity 
to maintain within cell boundaries a chemical com- 
position which is characteri:tically different from that 
of the external environment, and here particularly 


the ability to concentrate K+ and partially exclude 
Na* against their respective concentration gradients. 
The postulated reactions may be summarized as 


follows : 
GLYCOLYSIS 
IAA 
glucose — phosphoglyceraldehyde 
dehydrogenase 


PHOTOSYNTHESIS 
phosphoglycerate <-— [C,]acceptor + CO, + 2[H] 


meti.bolism 
(ion transport, ete.) 
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Association Affairs 


Southwestern Division Meeting 


Frank E. E. Germann, Secretary 
Southwestern Division 


Tue Southwestern Division of the AAAS held its 
twenty-ninth meeting in Tempe, Arizona, during the 
week of April 19th on the campus of the Arizona 
State College. One hundred and eighty persons regis- 
tered, although the number participating in the meet- 
ings was much larger than this. As usual, many stu- 
dents took advantage of the opportunity to attend a 
regional scientific meeting. The sessions opened with 
a meeting of the Executive Committee, on which occa- 
sion John A. Behnke, Associate Administrative See- 
retary of the AAAS, represented the Washington 
office. At this time Wyoming and Montana East of 
the Continental Divide were officially added to the 
Division. Mr. Behnke reported briefiy on the activities 
in the Washington office, as well as concerning the an- 
nual meetings scheduled for Boston and San Fran- 
cisco, 

In addition to the regular programs of sections, two 
special symposia were presented. 


June 26, 1953 


CONSERVATION SYMPOSIUM 
Martin Mortensen, Presiding 
1, The Nature of Conservancy in Arizona. Leslie N. 
Goodding, St. David, Arizona. 


2. The Status of Conservation Teaching in New Mexico. 
Howard J. Dittmer, University of New Mexico, Albu- 


querque. 
3. Report on Conservation Education Project Activi- 
ties in Arizona. Wayne Kessler, Assistant State Conserva- ; 


tionist, State Land Department, Arizona. te 

A summary of activities involving conservation educa- } ey 
tion projects, in the following subdivisions: (1) in public ‘ 
schools, including high schools and grammar schools; (2) \ na 
in the Arizona Conservation Districts; (3) in connection P 
with cooperative agencies from the federal, state, and 
local government. 

4. General Discussion by Panel, led by Chairman Mort- 
ensen. 

DESERT AND ArID ZONE SYMPOSIUM 


Peter C. Duisberg, Presiding 


1, Committee Accomplishment, 1952-53. Victor Schof- E 
felmaier, Glendale, California (Former President, Texas e 
Chemurgie Council). 

2. Survey of Desert and Arid Zone Research in Prog- : 
ress in the Southwest. E. J. Workman, President, New : i 
Mexico Institute of Mining and Technology, Socorro. 
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3. Worldwide Efforts Toward Arid Zone Research. 
Peter C. Duisberg, Desert Products Company, El Paso. 

4. Committee Suggestions for Further Activity. Her- 
bert L. Stahnke, Arizona State College, Tempe. 

5. General Panel Discussion. 


Other special features were the annual Powell Lec- 
ture in honor of the explorer of the Grand Canyon, 
given by Emil W. Haury of the University of Arizona 
on the subject “Dating of Early Man,” and an illus- 
trated talk on “Desert Denizens” by Herbert L. 
Stahnke. 

The General Session on April 22 adopted the fo! - 
lowing resolutions: 

1) “In order to increase both the membershiy and 
the effectiveness of the AAAS, its Southwestern Divi- 
sion requests the Board of Directors of the AAAS to 
explore possibilities of additional types of member- 
ship. Examples of these types are student membership, 
memberships without journal subscriptions, two mem- 
berships (such as man and wife) in one family, and 
emeritus status. If the study results in new action, it 
should be appropriately publicized, preferably by 
publication in Science. 

2) “Resolved that the Southwestern Division of the 
AAAS instruct its Desert and Arid Zone Committee 
to explore the possibility of cooperating with 
UNESCO to the end of bringing an International 
Desert Symposium to the Southwest. 

3) “Resolved that the Desert and Arid Zone Com- 
mittee be instructed to study the possible sources of 
funds to stimulate and aid in sponsoring Arid Zone 
Research. 

4) “It is the considered opinion of this Division of 
the AAAS that the challenging possibilities of tele- 
vision as an educational factor of the first order be 
used increasingly to acquaint the public, and espe- 


cially the younger generation, with the progress and 
achievements of science. 

“For the fullest implementation of such science edu- 
cation via television we feel that educationally owned 
and operated television stations are essential, and 
should be encouraged in every way. 

“The Southwestern Division of the AAAS therefore 
resolves that it wholeheartedly favors, and will en- 
courage and support, the development in the South- 
west of television stations on these channels in this 
area reserved by the Federal Communications Com- 
mission educational work.” 

New officers elected were Herbert L. Stahnke of the 
Arizona State College at Tempe, President, and Joe 
Dennis of the Texas Technological College, Vice Pres- 
ident. Frank E. E. Germann, of the University of 
Colorado remains Permanent Secretary. E. J. Work- 
man of the New Mexico Institute of Mining and Tech- 
nology, and Alan T. Wager of the Arizona State Col- 
lege of Tempe were elected to the Executive Commit- 
tee. George M. Bateman of the Arizona State College 
at Tempe, James A. McCleary of the Arizona State 
College at Tempe, W. J. Coster of the University of 
New Mexico, and W. C. Holden of the Texas Techno- 
logical College at Lubbock were chosen Chairmen of 
the Physical, Botanical, Zoological, and Social Science 
sections respectively. Bartlett Dewey of the Eastern 
New Mexico College and William M. Pierce of the 
Texas Technological College were elected secretaries 
of the Physical and Social Sciences sections respec- 
tively, and Edwin R. Helwig of the University of 
Colorado will continue as secretary of both the Botany 
and Zoology sections. 

Future meetings are scheduled as follows: 1954, 
Lubbock, Texas; 1955, Santa Fe, New Mexico; and 
1956, Las Cruces, New Mexico. 


Scientific Book Register 


Modern College Physics. 2nd ed. Harvey E. White. New 
York-London: Van Nostrand, 1953. 823 pp. Illus+ 
plates. $6.75. 

Robert Grosseteste and the Origins of Experimental 
Science, 1100-1700. A. C. Crombie. New York: Ox- 
ford Univ. Press, 1953. 369 pp. Illus. + plates. $7.00. 

Introduction to Exceptional Children. Rev. ed. Harry J. 
Baker. New York: Macmillan, 1953. 500 pp. + plates. 
$5.00. 

The Zoological Record, Vol. 87. Records of zoological 
literature relating chiefly to 1950. G. Burder Stratton, 
Ed. London: Zoological Society, 1953. 19 sections. £6 
for complete volume with special prices for separate 
sections. 

Oxidation of Metals and Alloys. O. Kubaschewski and 
B. E. Hopkins. New York: Academic Press; London: 
Butterworths Scientific Pubs., 1953. 239 pp. Illus. 
$6.00. 

Africa: A Study in Tropical Development. L. 

Stamp. New York: Wiley; London: Chapman & Hall, 
1953. 568 pp. Illus + maps. $8.50. 
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Starch: Its Sources, Production and Uses, Charles Andrew 
Brautlecht. New York: Reinhold, 1953. 408 pp. Illus. 
$10.00. 

Inorganic Thermogravimetric Analysis. Clément Duval. 
Amsterdam—Houston: Elsevier, 1953. 531 pp. Illus. 
$11.00. 

Kiva Mural Decorations at Awatovi and Kawaika-A. 
With a survey of other wall paintings in the Pueblo 
Southwest. Papers of the Peabody Museum of Ameri- 
ean Archeology and Ethnology, Vol. XXXVII. Wat- 
son Smith. Cambridge, Mass.: Peabody Museum, Har- 
vard University, 1952. (Published with the assistance 


of the Wenner-Gren Fdn. for Anthropology). 363 pp. 


Tilus. + plates. $10.00; paperbound $7.50. 

Animal Micrology. Practical exercises in zoélogical 
micro-technique. 5th ed. Michael F. Guyer; with ,a 
chapter on drawing by Elizabeth A. Bean. Chicago: 
Univ. Chicago Press, 1953. 327 pp. Illus. $4.75. 

An Introduction to Statistical Science in Agriculture. D. 
J. Finney, Copenhagen: Ejnar Munksgaard; New 
York: Wiley, 1953. 179 pp. Illus. $3.75. 
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Kodak reports to laboratories on: 


a new cellulose acetate sheeting . . . doubling the speed of infrared-sensitive film ... 
identifying solids by refractive index ... checking precision gears 


Cellulose acetate sheeting 


To the attention of those who quest 
for a flexible dielectric capable of 
maintaining its high transparency 
under prolonged chemical and ther- 
mal assault, we commend our new 


Kodapak IV Sheet. Its substance is 
cast cellulose triacetate, a most du- 
rable thermoplastic. It is diaphanous 
stuff, of the proverbial crystal clar- 
ity, but we also make it in matte 
form. It is an excellent electrical in- 
sulator, has higher folding endur- 
ance and bursting strength than its 
predecessors {quantitative data on 
request). It is readily heat-embossed 
or drawn. It comes in thicknesses 
from .001” to .010”. The thick 
gauges come in 20” x 50” and 25” x 
40” sheets, and those below .003” 
come in sheets of 25” x 40”, 30” x 
40”, and 40” x 40”. It is easy to seal 
by dielectric heating, but if you 
want to cement it without resorting 
to special cements, we suggest you 
first determine whether Kodapak I 
Sheet won’t serve your purpose 
better. 


Kodapak Sheet is supplied by us only 
in quantities of 200 pounds and over. If 
you need only a little, we can refer you 
to a local distributor. Write Eastman 
Kodak Company, Cellulose Products 
Sales Division, Rochester 4, N. Y. (The 
answer, like all correspondence from 
Kodak, will come in an envelope with a 
Kodapak window.) 


Infrared aerial film 


The speed of Kodak Infrared Aero- 
graphic Film has just been doubled, 
without adverse effect on sharpness 
or contrast. To aerial photographers 
this means that the same exposure 
they would give Kodak Super-XX 
Aerographic Film with the custom- 
ary yellow filter will now suffice for 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 


infrared work, such as taking in- 
ventory of standing timber with a 
filter that passes only red and in- 
frared. 

We mention this to non-members 
of the aerial photographic fraternity 
for two diverse reasons: 1) to call 
attention to the latest notch of prog- 
ress in the service which the com- 
mercial aerial photographer can 
render his clients (i.e. better infra- 
red pictures under worse condi- 
tions); 2) to remind the earthbound 
that the fast new infrared film—as 
well as Kodak Super-XX and Kodak 
Tri-X—is available for whatever 
purpose they have in mind in widths 
of 5%”, 5%", 7”, and 9\%%” and 
lergths from 9 to 390 feet. 

If you'd like a list of commercial 
aerial photographers or if you'd like to 
find out how to buy aerial film, write to 
Eastman Kodak Company, Govern- 
ment Sales Division, Rochester 4, N. Y. 
(No mistake, the division deals with 
private enterprise too.) 


Refractive index liquids 

In this day of polarography, x-ray 
spectrography, infrared spectropho- 
tometry, mass spectrometry, nuclear 
magnetic resonance, etc., it may be 
considered primitive (among the 
excessively sophisticated) to iden- 
tify a solid compound by immersing 
it in a liquid of matching refractive 
index to make it disappear without 
dissolving. We think it is not primi- 
tive at all but even elegant, in the 
scientific sense. On page 214 of the 
current catalog of Eastman Organic 
Chemicals there appears a list of 39 
organic liquids with their refractive 
indices, ranging from Methanol at 
ng = 1.3289 + .0005 to Diiodo- 
methane at 1.7400. If you order 
them in lots of 10 or more, we can 
supply them in 25-cc glass-stop- 
pered bottles. Since most are priced 
at 60¢ each in this size, you and we 
can, for as little as $6 plus postage, 
work out a deal on a set. 

If you don’t have a copy of “Eastman 
Organic Chemicals, List No. 38” from 
which to make your selection, write 
Eastman Organic Chemicals Depart- 
ment, Distillation Prod- 
ucts Rochester 


3, 


its divisions are... serving laboratories everywhere 


Gear testing 


The Kodak Conju-Gage Gear 
Checker is purely a mechanical de- 
vice. It has little to do with photog- 
raphy, optics, chemistry, electrons, 
x-rays, or crystal structure. Its func- 
tion is to determine how well a gear 
works. (We got into this sort of 
thing through building fire-control 
equipment.) 

A gear’s job is to transmit angu- 
lar motion uniformly from one shaft 
to another. The precision with 
which it accomplishes this task can 


be tested by measuring variations in 
center distance when the gear is run 
with a master of known accuracy. 
There’s the rub. If the gear you are 
interested in must be of the highest 
obtainable accuracy, what will you 
use as a master? Naturally, we 
wouldn’t ask the question if we 
didn’t know the answer. It is a 
Kodak Conju-Gage Worm Section, 
which resembles a rack and is pro- 
duced by thread grinding, a process 
not subject to the accuracy limita- 
tions that come into play on a cir- 
cular gear. The Worm Section and 
the instrument we build to use it 
might interest you if you have any 
gear worries. 

There’s more to the gear art than 
meets the eye of the casual observer. As a 
gentle introduction to this lore, we can 
send you “A Practical Approach to 
Gear Quality” and “The Kodak Conju- 
Gage Gear Testing Principle.” Both are 
free from Eastman Kodak Company, 
Special Products Sales Division, Roch- 
ester 4, N. Y. 


Prices quoted are subject to 
change without notice. 
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Veterinary laboratory 
has an opening for 


A STAFF 
VETERINARIAN 


Permanency and a worthwhile op- 
portunity for advancement offered 
in this position as veterinary as- 
sistant to the director of our bio- 
logical laboratory. Desirable quali- 
fications include experience in 
biological production and a degree 
in bacteriology. Reply by letter, 
which will be held in strict confi- 
dence. Write direct to Dr. H. 

Lefler, Vice President, Fort Dodge 
Laboratories, Inc., Fort Dodge, lowa. 


outstanding A. A. A.S. Symposium Volumes: 
MAMMARY TUMORS IN MICE, “" 

x $430. Cath cloth- 
bound, double column, 
price to A.A.A.S. members, $3.00. 
interest and further research efforts in one of our most 
fascinating and important biologi 
APPROACHES TO TUMOR CHEMOTHERAPY, 1947: 
93 contributors, 7.73 75 clothbound, 
AAAS. addressed 
largely to future and trustworthy 


10 viii + 223 

of cancer of the breast in mice. 
— problems. 

by members of the staff of the National Cancer Institute. 

double column, a order price to 

reference book. Planned under ices of National 


Cancer —— Hospital of New York, Sloan- 
ettering Institute for Cancer 
— u Institute of Philedelphia, 
others. 


TO: AAAS PUBLICATIONS 
1515 Mass. Ave., N.W., Washington 5, D. C. 


Enclosed is $.......... Please accept my order for 
( MAMMARY TUMORS in MICE 
( APPROACHES to TUMOR CHEMOTHERAPY 
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UNIVERSITY PRESS 


Cardano, the 
Gambling Scholar 


By OYSTEIN ORE. Cardano, next to 
Vesalius the greatest physician of his day, 
was also a devoted and skilled gambler who 
played for personal pleasure and profit. His 
mathematical genius enabled him to devise 
simple rules of probability for his own bene- 
fit and for his gambling contemporaries. 

In this biography, Cardano’s gambling 
studies are deciphered for the first time, 
and a complete translation of the Book on 
Games of Chance is appended. 

Oystein Ore, Sterling Professor of Mathe- 
matics at Yale University, is himself an 
enthusiastic expert on gambling lore. 

264 pages. Illustrated, $4.00 


Refrigeration 
in America 
A HISTORY OF A NEW TECHNOLOGY 
AND ITS IMPACT 


BY OSCAR EDWARD ANDERSON, JR. 


This comprehensive study of refrigeration, 
from its beginnings in America up to 1950, 
shows the relation of refrigeration to our 
national development. It records the main 
trends in technological progress, describes 
the uses of refrigeration, explains resistance 
to its application, and gives some indica- 
tion of its social effects. The author teaches 
history at the University of Cincinnati. Pub- 
lished for the University of Cincinnati. 


420 pages. Illustrated, $6.00 


Order from your bookstore, 
PRINCETON UNIVERSITY PRESS 


Sorence, Vol. 117 


Ju 


! 
pa 
° ° 
° 
e 
an e 
e e 
7 
e 
: 
° 
* 
° 
° 
e 
bd 
e 
e e 
e e 
bed 
| 
dig 
) 
A 


G. M. SMITH 
E. M. GILBERT 
G. S. BRYAN 
R. I. EVANS 
J. F. STAUFFER 


FIFTH 
EDITION 


A TEXTBOOK OF 


GENERAL BOTANY 


Widely and successfully used for many 
years as a foundation text, the “Wisconsin 
Botany”, famous for its treatment of the 
evolutionary series, is now completely re- 
vised. In this new edition it is the authors’ 
purpose to keep it a relatively simple text 
for freshmen and sophomore students rather 
than to attempt a treatise for the profes- 
sional botanist. 


Professor Stauffer, a plant physiologist 
and a new addition to the writing team, has 
done a fine job of rewriting the sections on 
physiology. He has contributed to such as- 
pects of plant physiology as photosynthesis, 
respiration, plant hormones and vitamins, 
showing how these processes and substances 


affect the growth and development of 
plants. The portions dealing with photo- 
synthesis and respiration are so organized 
that the more technical aspects can be 
omitted if desired without interrupting the 
continuity of their portions. 


In the chapters dealing with roots, stems, 
leaves and buds, much of the subject matter 
covering the basic features of development 
and structure has been rewritten and ex- 
panded where material of economic interest 
could profitably be inserted. In the chap- 
ters covering the evolutionary series, num- 
erous graphic life cycle diagrams have been 
added and serve as a review of the mate- 
rial covered in the text. 


1953 606 pp. $6.25 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 


June 26, 1953 


A pinnately simple approach to general botany 
= 
= 4p 
OF, 
| > VLD 
ALY 
| 
The Macmillan Company 


G.A.B. Interference Filters 


(Made in Switzerland) 
for isolating narrow spectral bands 


—== 


450 500 550 600 650 700 
WAVE LENGTH mp 


Spectral Range: 400-900 millimicrons 
Spectral Width: 2-15 mu, Transm.: 45-50% 
Size: 2” x 2”. Other sizes on order. 

For 
Flame Photometry and Color Densitometry 
Microscopy and Photomicrography 
Coiorimetry and Fluorimetry 
also in reflectometry, light scattering measurements, 
microcolorimetry, refractom jarim: 


pol. in all 
other fields requiring monochromatic light in the visible 
and near-infrared range, 


Write for Bulletin #180 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


REVIEWS OF PURE AND APPLIED 
CHEMISTRY. 
A quarterly journal. 


Contents of Volume 2 (1952) 
Fundamental Processes in Heterogencous Reactions. 
L. E. J. Roberts and J. S. Anderson. 
Vitamin Bi». A. R. Todd and A. W. Johnson. 
The Variety, Sy and Uses Proteolytic 
Chemical Applications of 
Harris. 
Gas og by Selective Adsorption. E. C. R. 
mer. 
itivity of the Halogens. K. D. Reeve. 
of Al alosds under “Physiological Con- 
ditions” a their Relation to Alkaloid Bio- 
genesis. G. K. Hughes and E. Ritchie. 
The ‘Acid and Alkaline _ of Glycerides in 
Homogeneous Systems. H. H. G. Agno 
The Chemistry of Protactinium. G. L. Miles. 
The Photolysis of the Aliphatic Aldehydes and Ke- 


Ring. S. J. Angyal and J. A. Mills. 
Fluorine Srechnol . J. P. Baxter. 
Sucrose as a Raw Material in Chemical Industry. 
R. C. L. Bosworth and J. D. Craske. 
Annual Subscription £1.5.0 (Australian currency) 
$2.80 approx. 
Order from 
The Royal Australian Chemical Institute, 
55 Collins Place, Melbourne, C.1, Australia. 


Meetings & Conferences 


June 29-July 1. American Society of Heating and Venti- 
lating Engineers. Denver, Colo. 

June 29-July 3. American Society for Testing Materials. 
Chalfonte-Haddon Hall, Atlantic City, N. J. 

July 1-3. American Physical Society. Fluid Dynamics 
Division. Pennsylvania State College, State College, Pa. 

July 5. Colloquium on Cosmie Rays. Bagnéres-de-Bigorre, 
France. 

July 6-11. Symposium on Gas Dynaniies of interstellar 
Clouds. Cambridge, England. 

July 7-8. Society for the Study of Fertility (4th An- 
nual). Liverpool. 

July 7-9. Ciba Foundation Symposium on the Kidney. 
London. 

July 7-9. Research Conference on Female Reproduction 
in Farm Animals. Iowa State College, Ames, Ia. 

July 12-16. Congreso Panamericano de la Prensa Medica, 
and Semana de Alta Cultura Medica Europea. Buenos 
Aires. 

July 13. International Astronomical Union, Symposium 
on Hydrodynamics of Gaseous Masses. Cambridge, 
England. 

July 13-17. British Medical Association (Annual). Car- 
diff, Wales. 

July 14-25. International Congress of Radiologists (6th). 
Copenhagen. 

July 17-19. California and American Federation of Min- 
eralogical Societies, San Diego, Calif. 

July 18. American Mathematical Society (58th Summer 
Meeting). Kingston, Ontario. 

July 18. Conference on Ionisation Phenomena in Dis- 
charges. Oxford, England. 

July 19-26. Congress of the Latin American Society of 
Orthopaedics and Traumatology (2nd). Rio de Janeiro, 

July 20-23. American Veterinary Medical Association. 
Toronto. 

July 20-25. International Congress on Medical Librarian- 
ship. London. 

July 24-25. Physiological Society Meeting. Cambridge, 
England. 

July 25-28. International Committee of Electrochemical 
Thermodynamics and Kinetics (5th Annual). Stock- 
holm, Sweden. 

July 26-30. International Psychoanalytical Congress 
(28th). London. 

July 26-31. International Congress of Gynaecology and 
Obstetrics. Geneva. 

July 26-31. International Congress on Rheology (2nd). 
Oxford University, England. 

July 27—Aug. 1. International Congress of Psychology. 
Paris. 

July 29-30. International Symposium on the Chemistry 
of Natpral Products. Wayne University, Detroit, Mich. 

July 29-Aug. 4. International Congress of Pure and Ap- 
plied Chemistry and International Union of Pure and 
Applied Chemistry. Stockholm. 

July 30-Aug. 1. Wyoming Geological Association. Uni- 
versity of Wyoming, Field Conference. Laramie. 

Aug. 3-5. Abnormal and Pathological Plant Growth. 
Brookhaven National Laboratory, Upton, L. I., N. Y. 

Aug. 3-8. Photographic Society of America. Los Angeles, 
Calif. 

Aug. 5-12. International Congress of Zoology. Copenhagen. 

Aug. 10-14. Society of American Bacteriologists (An- 
nual). San Francisco. 
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The Wiley Bulletin 


SCIENCE EDITION 


New York 


June 26, 1953 
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Often the Preface is the true 
key to the book. Not only does it 
explain the reasons for writing that 
particular book, but it gives per- 
tinent information on the scope in- 
tended, the viewpoint, the approach, 
and, equally important, the limita- 
tions imposed by the author. Failure 
to fully appreciate this lest can often 
result in a misconception on the 
part of the reader. Faced with a 
choice between intensive treatment 


THE PLACE OF THE PREFACE IN CHOOSING A TEXTBOOK — 


‘fore the student new ideas, to intro- 


of a very limited field or a less com- 
plete coverage of a wider area, each 
author selects the type of coverage 
which will best accomplish his aim. 
In the Preface of ‘General 
Physiology” Bradley T. Scheer of the 
University of Oregon explains his 
choice of the latter treatment: 
. because I believe that the con- 
sistent viewpoint thus developed is 
worth the necessary sacrifice.’” The 
wide coverage of the work is in 
keeping with the author's avowed 
aim, which is also stated in the 
preface: “,.. a thorough first course 
in physiology which will provide 
an intelligible, up-to-date picture of 
vital functions, shorn of as much 
irrelevent detail as possible, yet 
offering a clear exposition of the 
nature and present status of the 
basic problems of physiology.” 
Dr. Scheer sums up his aims in 
this statement: “The value of this 
textbook . . . should be to bring be- 


duce him to a field of knowledge, 
and to encourage him to pursue it 
farther.” 

“General Physiology” was pub- 
lished in April with 613 pages and 
at $7.00. 


BIOCHEMISTRY FROM 
A GENERAL POINT OF VIEW 


Response to the lectures given at 
Yale University by Joseph S. Fruton 
and Sofia Simmonds has strengthened 
their view that “the teaching of bio- 
chemistry for its own sake, quite apart 
from its applications to medicine or 
agriculture, is an essential component 
in the scientific education of the biolo- 
gist or the chemist.” 

Thus their book, “General Bio- 
chemistry” presents its subject from a 
general point of view, not limited to 
its applications. It balances facts against 
hypothesis, and gives a clear presenta- 
tion of the fundamental principles. The 
authors place emphasis on the central 
place of proteins and enzymes in the 
chemical activity of living matter, and 
draw factual material from studies with 
plants, microorganisms, and animals. 

Published in April, this new book 
has 949 pages and is priced at $10.00. 


STRUCTURE OF 
PERSONALITY STUDIED 


“In spite of the great interest . . . 
shown in the subject, no detailed ac- 
count appears to exist of those natural 
phenomena on which our views of the 
organization or structure of personality 
are based,” says H. J. Eysenck of the 
University of London in his néw work, 
“The Structure of Human Personality.” 
With this situation in mind, the bril- 
liant English psychologist has written 
an integrated treatment of the research 
on the structure of personality, analyz- 
ing factorial studies testing many of the 
major theories of the structure of per- 
sonality. 

His careful evaluation of method- 
ology and the important data on per- 
sonality suggest numerous possibilities 
for more fruitful study in this field. 

The book will be published in this 
country soon with approximately 241 
pages and at a probable price of $6.00. 


WILEY AUTHOR WINS 
HARVARD PRIZE 

Harvard University annually 
awards a prize for “the best disserta- 
tion from the legal, political, historical, 
economic, social, or ethnic approach, 
dealing with any means or measures 
tending towards the prevention of war 
and the establishment of universal 
peace”. Called the Sumner Prize, the 
award was won in 1951 by Professor 
Karl W. Deutsch of M.IL.T. for the 
manuscript of his new book, ‘Nation- 
alism and Social Communication”, due 
for July publication. 

The book deals with the when, 
why, and how of nationalism, offering 
a structural and quantitative analysis 
which paves the way for eventual meas- 
urement and prediction in this field. 
It is the first book to apply some of the 
new ideas of communication theory to 
the fundamental problem of national- 
ism, and to suggest ways in which these 
ideas may be usefully combined with 
other social science methods. The re- 
sults of the analysis are presented against 
a background of empirical and statisti- 
cal data drawn from the world over. 

Coming in July, “Nationalism and 
Social Communication,” a Technology 
Press book, M.L.T., will contain ap- 
proximately 272 pages and be priced 
at about $5.00. 


NEW STUDY MADE OF 
FISHERY SCIENCE 
Two experts, fully aware of the 
problems faced by students of fishery 
science, have combined their talents 
and experience in “Fishery Science: Its 
Methods and Applications.” In this 
work, George A. Rounsefell, Depart- 
ment of the Interior, and W. Harry 
Everhart, University of Maine, stress a 
practical approach. They integrate, for 
the first time, the most successful and 
specialized methods employed in the 
research, conservation, and management 
of fishery resources. To this they add 
the viewpoint of unity, maintaining 
that the two fields of marine and f-esh- 
water fishery management are essen- 
tially the same. Now, for the first time, 
information which has been scattered 
through dozens of journals and maga- 
zines is gathered in this one work, sav- 
ing hours of research time for student 
and teacher alike. 
“Fishery Science” was published last 
month with 444 pages, at $7.50. 


Any of the books on this page may be obtained on approval by writing directly to the publishers: 
JOHN WILEY & SONS, Inc., 440 Fourth Avenue, New York 16, N. Y. 


June 26, 1953 
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PERSONNEL PLACEMENT 


YOUR ad here reaches over 32,000 scientists, including 
foremost scientists in leading educational institutions. 
industrial laboratories and research foundations in 77 
countries—at a very low cost. 


CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional 8 

DISPLAY: Rates listed below—-no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—-provided that satisfactery credit is established. 


Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per 
26 times in 1 year 14.00 


per inch 
52 times in 1 year 12.50 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


wanTeED 


(a) Ph.D. ; five years, research associate, 
pharmaceutica company; age 32. (b) iologist; Ph.D.; nine 
years’ university teaching; present rank; professor of biology; 
capable administrator. For further information, Foor write Science 
Division, Medical Bureau (Burneice Larson, Director) Palmolive 
Building, Chicago. : x 


Biochemist, Ph.D. ; qualified medical biochemistry, food processing, 
teaching; publications. Please write Scientific Personnel Service. 
122 South Michigan Ave., Chicago. x 


Botanist, M.A. (Zoology minor). Research and teachin i- 
ence; publicati 3 ires demic position. Box 127, SCIENCE, 


Librarian, technical, young man, library degree, B.A., additional 
graduate studies, extensive experience administration, bibliography, 
cataloging, reference, ex-navy hospital corps. Box 125, SCI —? 


—The MARKET PLACE 


BOOKS . SERVICES . SUPPLIES . EQUIPMENT 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no ry ~ for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 inch 
26 times in 1 year 
52 times in 1 year 

For PROOFS on display ads, copy must reach SCIENCE 4 

weeks before date of issue (Friday of every week). 


LINGUAPHONE MAKES LANGUAGES EASY 
At learn to speak French, German, Nor- 


ve 
work and money. Send for FREE book TODAY. LINGUAPHO) 
INSTITUTE, Mezz., Rock. Plaza, New York 20, N. Y. 


WANTED TO PURCHASE ... } Sets and runs, forei 


SCIENTIFIC PERIODICALS smaier 
WALTER J. JOHNSON @ 125 East 23rd St., New York 10, N. Y. 


collections wanted. 


Microbio t, Ph.D., 30. Experience in teaching and research. 
Prefer teaching and research with viruses. 100 So, Broad Street 
Fairborn, Ohio. x 


Zoology—-B.S. degree. Desire position in lab. or field. Interested 
Senene” and Bacteriology. In Midwest if possible. Box 126, 


PoStxx0Ns orEN 


(a) Biochemist experienced enzyme work, immunologist or chem- 
ist; research institution specializing investigation of malignancy; 
investigators experienced cancer research required. (b) Physicians 
with scientific training, preferably Ph.D.’s in emistry, bio- 
chemistry or biophysics; university research laboratory expandi 


Your sets and files of scientific journals 
are needed by our library and institutional customers. Please send 
us lists and description of periodical files are willi to sell 
at high ‘market prices. Write Dept. A3S, J. S. CANNER, INC. 

ton 19, Massachusetts 


BACK NUMBER PERIODICALS — Bought and Sold 


@ Tell us what you want!—What have you to offer? 
Abrahams Magazine Service DEPT. P, 56 E. 13th ST. 
tablished 1889 NEW YORK 3, N. Y. 


facilities; capacity for carrying responsibilities as principle direc- 
tors of research activities required. (c) Director, clinical investiga- 
tion; one of the major pharmaceutical companies; preferabl 
internist with scientific background, capable administrator. (a) 
Chemist to serve as assistant director, laboratories, large teach- 
ing hospital; should be qualified to take te charge, istry 
division; ample research, $8000—$11,000 ; East. S6-4 Science Di- 
vision, Medical Bureau’ (Burneice Larson, Director) Palmolive 
Building, Chicago. x 


Biochemist, male, hospital. Salary open. Minimum M.S., Ph.D. 
preferred. Modern equipment, teach, supervise technicians and 
develop methods. Apply Personnel Director, Norwalk Hospital, 
Norwalk, Connecticut. 7/3, 10 


(1) Pharmacist or Pharmaceutical Chemist, Ph.D.; teach dis- 
pensing and drug assay; associate professorship if experienced 
teaching; to $6000; East. (2) Editor; woman with scientific back- 
~~ experienced copy editing of medical material; Midwest. 
lease write Scientific Personnel Service, 122 South Michigan 
Ave., Chicago. x 


Research Fellow. For orthopedic surgery research in immunology 
or related fields. Salary commensurate with experience and ogres. 
Write Dr. Paul H. Curtiss, Lakeside Hospital, Cleveland 6, hig. 


Complete iibraries — Sets and runs — Single titles 
Please send us your want list 
STECHERT - ae, INC. 31 East 10th St., New York 3 


e World’s Leading International Booksellers 
PROFESSIONAL SERVICES 


CONSULTATION 
RESEARCH 


SCIENTIFIC BOOKS and PERIODICALS WANTED 


HOLOGY 


SOUTH SHORE 


ANALYTICAL AND RESEARCH LABORATORY, inc. 
ISLIP AVE. ISLIP, N, Y. 
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Reasonably priced —- Dependable service 


BOOKS . SERVICES . SUPPLIES . EQUIPMENT 


MARKET PLACE 


PROFESSIONAL SERVICES jill 


LABORATORY SERVICES 


Project research and consultation in 

Biochemistry, Chemistry, Bacteriology 
and Entomology 

Mineral determinations including sodium and 

fluorine * Proximate analyses * Vitamin and 

amirio acid assays Food chemistry and 

microbiology 

Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


BOX 2059 hd MADISON 1, WISCONSIN 


LOOKING FOR A PUBLISHER? 
Write for Free Booklet SC telling how we can publish. 
your book. All subjects New 

VANTAGE PRESS, Inc. @ 120 W. 31 St., —. York 1. 
In Calif.: 6356 Hollywood Bivd., Hollywood 2 


LABORATORY ANIMALS ) DOSS MATS RABBITS 


oman CATS PIGEONS HAMSTERS 

Clean healthy 1+! animals 

G suitable for MICE POULTRY GUINEA PIGS 
JOHN C. LANDIS + Hagerstown, Md. 


1. RUGGED 2. TOUGH 
3. POUROUT SPOUT 4. EYE APPEAL 
5. EVEN HEAT DISTRIBUTION 


Lanco STAINLESS STEEL BEAKERS 


No. 21-43-S 
Approx. 

Size Each Ea. 
50 ml $1.10, 
125 ml 5 1.40 
250 ml 1.90 
600 mi 75 2.50 
LOW FORM 3000 mi 4.28 


FLUOROBENZENE 


ARTHUR S and COMPANY Lapine S. KROX AVE, CHICAGO 29, LL 
CYCLOPROPYLCYANIDE 
p-TOLUIC ACID 


Custom syntheses invited 


| CUSTOM CHEMICAL LABORATORIES 


2054 N. Cicero Ave., Chicago 39, Illinois 
@ COMMON 


STAINS 


@ RARE 


with interchangeability; non-des- LOVINS ENGINEERING 
truative; used by substitution.) COMPANY 
—WRITE FOR BULLETIN SILVER SPRI 


SUPPLIES AND EQUIPMENT 
|{(THIS is the EXACT SIZE RECTANGLE “XIN Sraumenrs 


device for the microscopist to re- 
locate fields of interest in a 
flide-mounted specimen, Other 


FIELD FINDER 


advantages: Superb precision— 


For CONSISTENT Rats ... 
@ BUDD MT. RODENT FARM 
@ CHESTER, N. j. 


Breeders of a recognized strain of Wistar. 


INDEX OF REFRACTION 
Shillaber’s Certified Index Liquids 
High Index Liquids (1.81-2.0) 
Allen’s Solid Refractive Index Standards 
For Microscopy 
By for informative ND-S leaflets 


P. — INC. 
117 Liberty York 6, N. Y. 


SPRAGUE-DAWLEY, INC. 


Pioneers in development of the 
standard laboratory Albino rat 


Box 2071 + Madison 5, Wisconsin - Phone 35318 


NOW AVAILABLE 


y bowed 40¢/gm 
Carbobenzoxy 1 60¢/gm 
Carbobenzoxy 1-Cystine 60¢/gm 


Minimum Quantity — 20 gms 
Quality Money Back Guarantee 
CHEMED, INC. 
Sales office — 5 Beekman St.. New York, N. Y. 
Tel.: BArclay 7-2676 


PARASITOLOGICAL PREPARATIONS 


e high quality — low priced. Write for catalog 
TROPICAL BIOLOGICALS @ P.O. Box 2227, San Juan, Puerto Rico 


For Uniform Clinical and Research Determinations 
SWISS ALBINO MICE 


STARKMAN Biological Laboratory 75, Bloor St. 


ALBINO RATS 
N. Z. WHITE RABBITS 
Annual production 130,000 Phone 3224 
Box 597 Bainbridge, N. Y. 
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SOVIET SCIENCE 


2nd Printing June 1953 
a publication of the 


AMERICAN ASSOCIATION for the ADVANCEMENT of SCIENCE 


CONTENTS | 
Russian Genetics Theodosius Dobzhansky Department of Zoology 
Columbia University 
Russian Physiology and Pathology W. Horsley Gantt School of Medicine 
Johns Hopkins University 
Russian Psychology and Psychiatry Ivan D. London Russian Research Center 
Harvard University 
Scientific Method and Social Science: Russell L. Ackoff Department of Engineering 
East and West Administration 
: Case Institute of Technology 
Russian Contribution to Soil Science J. S. Joffe New Jersey Agricultural 
Experiment Station 
Rutgers University 
Soviet Physics and Chemistry John Turkevich Frick Chemical Laboratory 
Princeton University 
Soviet Mathematics J. R. Kline Department of Mathematics 
University of Pennsylvania 
Science and Intellectual Freedom Lazar Volin Office of Foreign Agricultural 
in Russia Relations 
U. S. Department of Agriculture 
An Appraisal of Science in the USSR Conway Zirkle Botanical Laboratory 


University of Pennsylvania 


Symposium at the 1951 AAAS Meeting at Philadelphia, published November 1952. 
6 x 9 inches, clothbound, 115 pages, 25. 

Orders for 10 or more copies $1.00 per 

Combination order price $3.00 for both ‘Soviet Science and Industrial Science. 


Mail your order now 


TO: AAAS PUBLICATIONS 
1515 Massachusetts Avenue, N. W. 


Washington 5, D. C. 
Please accept my order for the items indicated below. My check or money order in the amount of 
Copies of Industrial Science 
—Present and Future. 
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@ NOW OFFERED AT REDUCED 
PRICES BECAUSE OF LOWER 
PRODUCTION COSTS 


Showing ¥% oz. round wooden boxes and carton 
containing twelve % oz. boxes (6 ounces) 


NON-CORROSIVE, RED LABEL 


MICRO COVER GLASSES 


Cut, selected and packed in Philadelphia from the same excellent Chance micro sheet 
sold by us with great satisfaction continuously since 1902, improved from time to time, but 
now mechanically drawn in strips, which method of production offers the advantages 
of flatness and precision controlled thickness as compared with former method of hand 
blowing. Offered from stock in a wide variety of thicknesses, sizes and shapes—see pp. 
887 and 888 of our catalogue. Outstanding characteristics are: 


@ High resistance to attack by moisture 
@ Freedom from brittleness 
@ Flatness 
@ Precision controlled uniformity of thickness 


Per oz. 
Per in 6 oz. in 144 oz 
ounce *carton assortments 
7020. SQUARES, No. 1, 18 mm, 22 mm and 
waa On 06 1.96 1.76 1.47 
© 1.64 1.48 1.23 
7022. CIRCLES, No. 1, 18 mm, 22 mm and 
7024. RECTANGLES, Small, No. 1, 22x 30 
mm up to and including 22 x 50 mm 1.96 1.76 1.47 
7024. RECTANGLES, Large, No. 1, 24x50 
mm and 24x60 mm ............ 1.98 1.78 1.49 
7024. RECTANGLES, Large, No. 1, 35x50 
mm up to and including 48 x 60 mm 2.52 - 2.27 1.89 
* One size, shape and thickness only. re 


ARTHUR H. THOMAS COMPANY ee 
Afparatus and reagent 


WEST WASHINGTON SQUARE PHILADELPHIA 5, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 yt 
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FOR BRIGHTER, 
MORE UNIFORM 
ILLUMINATION 


I, PROVED 
() ATTACHABLE SUBSTAGE ILLUMINATOR 


Engineered to function as an integral part of AO Microscopes, 
No. 700 Illuminator moves with the microscope—and stays in alignment. 
It has achieved popularity among all who require efficient general 
purpose illumination plus utmost convenience. 

Now, the AO No. 700 Illuminator has been redesigned 
to offer still greater advantages at no increase in price. Incorporating 
a built-in condenser and a standard, low cost, long-life lamp bulb, 
it gives considerable more light and spreads it evenly throughout 
the entire field. A heat-absorbing glass is included—as well as 
provision for interchanging blue, green, and ground glasses. 

No. 700 Illuminator also serves as an ideal separate substage lamp 
with any microscope. Ask your local AO Distributor to let you 


try one — or write Dept. T4. 
Aimirican Optical 


INSTRUMENT DIVISION 


BUFFALO 15, NEW YORK 
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